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ABSTRACT 
 Field and laboratory studies were carried out for two seasons 
(1999/ 2000 and 2000/2001). Field studies were aimed mainly at 
investigating incidence of predators and aphids on various field crops 
e.g. sorghum, cotton, wheat, berseem and some vegetables. Two wild 
plants (Usher, Calotropis procera Ait and Liweis, Leptadenia 
heterophylla Decne) were also included in the survey. Laboratory 
studies were confined on a single coccinellid species (Hippodamia 
variegata Goeze). For this species, studies were directed at its feeding 
preference, biology and life tables. 
 In the field, H. variegata was found to be the most prevalent 
predator on many crops at Shambat, especially on berseem, wheat and 
maize. Of the two cotton varieties, more predators were recorded on 
Barakat 90 (Gossypium barbadense L.) than on Acala 67 (G. hirsutum 
Linn.). Wheat variety Debeira harboured more predators than the 
other two (Condor and Nelein). Records of Coccinellid predators were 
generally higher than those of non-coccinellids, non-coccinellid in this 
study were Chrysoperla carnea Steph., the green lacewings; 
Xanthogramma aegyptium (Wied) syrphid larvae and spiders. H. 
variegata was observed feeding and breeding on Aphis nerii on Usher 
plant, which is considered toxic and avoided by many predators. Also 
Scymnus sp. was frequently found feeding on A. nerii (Boy) on Liweis 
plants. More predators were observed on an unsprayed eggplants field 
than on a sprayed one.  
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 Laboratory studies revealed that H. variegata may withstand 
relatively long periods of starvation (average duration for starvation to 
death was 17.4 days with range of 7–25 days). Rate of cannibalism 
was high in both adult and 4th. instar larva (percent cannibalized eggs 
was 94% and 93.6% for adult and 4th. instar larva respectively). The 
beetle was also found to relatively prefer feeding on Melanaphis 
sacchari Zhnt. and Schizaphis graminum Rond than Aphis craccivora 
and Aphis gossypii, and Aphis nerii was the least fed on. H. variegata 
was also found to produce slightly higher number of eggs when fed on 
M. sacchari than on A. gossypii, A. craccivora and Schizaphis 
graminum. 
 Life tables studies indicated that H. variegata general 
performance was better in the first generation than in the second one. 
The innate capacity for increase (rm) of H. variegata was found to 
reflect the productivity of this beetle, hence, the beetle can be 
regarded as a predator with good potentials as a biocontrol agent.                        
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 ﺑﺴﻢ اﷲ اﻟﺮﺣﻤﻦ اﻟﺮﺣﻴﻢ 
 ﻣﻠﺨﺺ اﻷﻃﺮوﺣﺔ
 
 ﺒﻬﺩﻑ 1002/0002 ﻭ0002/9991ﺘﻡ ﺇﺠﺭﺍﺀ ﺘﺠﺎﺭﺏ ﺤﻘﻠﻴﺔ ﻭﻤﻌﻤﻠﻴﺔ ﻟﻠﻤﻭﺴﻤﻴﻥ 
ﻋﻠﻲ ( sdihpa)ﻭﺁﻓﺎﺕ ﺍﻟﻤﻥ ( ﺨﺎﺼﺔ ﻤﺠﻤﻭﻋﺔ ﺃﺒﻭ ﺍﻟﻌﻴﺩ)ﺩﺭﺍﺴﺔ ﻤﺴﺘﻭﻱ ﻅﻬﻭﺭ ﺍﻟﻤﻔﺘﺭﺴﺎﺕ 
.  ﺃﺒﻭ ﺴﺒﻌﻴﻥ ﻭﺍﻟﻘﻁﻥ ﻭﺍﻟﻘﻤﺢ ﻭﺍﻟﺒﺭﺴﻴﻡ ﻭﺒﻌﺽ ﺍﻟﺨﻀﺭﻭﺍﺕ–ﺒﻌﺽ ﺍﻟﻤﺤﺎﺼﻴل ﻤﺜل ﺍﻟﺫﺭﺓ 
ﻟﻨﻔﺱ ﺍﻟﻐﺭﺽ ( ﺍﻟﻌﺸﺭ ﻭﺍﻟﻠﻭﻴﺱ)ﺘﻡ ﺇﺠﺭﺍﺀ ﻤﺴﻭﺤﺎﺕ ﺤﻘﻠﻴﺔ ﻋﻠﻲ ﺒﻌﺽ ﺍﻷﻋﺸﺎﺏ ﻜﺫﻟﻙ 
 .ﺃﻋﻼﻩ
ﺍﻟﺩﺭﺍﺴﺎﺕ ﺍﻟﻤﻌﻤﻠﻴﺔ ﺇﺨﺘﺼﺭﺕ ﻋﻠﻲ ﻨﻭﻉ ﻭﺍﺤﺩ ﻤﻥ ﺍﻟﻤﻔﺘﺭﺴﺎﺕ ﻫﻭ ﺤﺸﺭﺓ ﺃﺒﻭ ﺍﻟﻌﻴﺩ 
ﻜﺎﻥ ﺍﻟﺘﺭﻜﻴﺯ ﻋﻠﻲ ﺩﺭﺍﺴﺔ  ﺤﻴﺙ (atageirav aimadoppiH)ﺫﻭ ﺍﻟﺜﻼﺙ ﻋﺸﺭﺓ ﻨﻘﻁﺔ 
ﻭﺍﻟﺠﺩﺍﻭل ( ﻟﻐﺫﺍﺀ ﺍﻟﻤﻔﻀل ﻟﻠﻤﻔﺘﺭﺱﺨﺎﺼﺔ ﻤﻌﺭﻓﺔ ﻨﻭﻉ ﺍ)ﺍﻟﺒﻴﻭﻟﻭﺠﻲ ﻭﺍﻟﻌﻼﻗﺎﺕ ﺍﻟﻐﺫﺍﺌﻴﺔ 
 .ﺍﻟﺤﻴﺎﺘﻴﺔ
ﻜﺎﻨﺕ ﺃﻜﺜﺭ ﻭﺠﻭﺩﺍﹰ ﻓﻲ ﻤﻨﻁﻘﺔ ( atageirav .H)ﻓﻲ ﺍﻟﺤﻘل ﻭﺠﺩ ﺃﻥ ﺤﺸﺭﺓ ﺃﺒﻭ ﺍﻟﻌﻴﺩ 
ﺒﺎﻟﻨﺴﺒﺔ ﻟﻨﺒﺎﺕ ﺍﻟﻘﻁﻥ ﻭﺠﺩﺕ . ﺸﻤﺒﺎﺕ ﺨﺎﺼﺔ ﻓﻲ ﺤﻘﻭل ﺍﻟﺒﺭﺴﻴﻡ ﻭﺍﻟﻘﻤﺢ ﻭﺍﻟﺫﺭﺓ ﺍﻟﺸﺎﻤﻴﺔ
ﻤﻥ ﻨﺎﺤﻴﺔ . 76 ﻤﻘﺎﺭﻨﺔ ﺒﺎﻟﺼﻨﻑ ﺃﻜﺎﻻ 09ﺃﻋﺩﺍﺩﺍﹰ ﻜﺒﻴﺭﺓ ﻤﻥ ﺍﻟﻤﻔﺘﺭﺴﺎﺕ ﻋﻠﻲ ﺍﻟﺼﻨﻑ ﺒﺭﻜﺎﺕ 
ﺍﻟﺼﻨﻔﻴﻥ ﺍﻷﺨﺭﻴﻴﻥ ﻫﻤﺎ )ﺃﺨﺭﻱ ﻜﺎﻥ ﺍﻟﺼﻨﻑ ﺩﺒﻴﺭﺍ ﺃﻜﺜﺭ ﺃﺼﻨﺎﻑ ﺍﻟﻘﻤﺢ ﺠﺫﺒﺎﹰ ﻟﻠﻤﻔﺘﺭﺴﺎﺕ 
 (. ﻜﻭﻨﺩﻭﺭ ﻭﻨﻴﻠﻴﻥ
ﺃﻋﺩﺍﺩ ﺍﻟﻤﻔﺘﺭﺴﺎﺕ ﻤﻥ ﻤﺠﻤﻭﻋﺔ ﺃﺒﻭ ﺍﻟﻌﻴﺩ ﻜﺎﻨﺕ ﺃﻜﺜﺭ ﻭﺠﻭﺩﺍﹰ ﻤﻘﺎﺭﻨﺔ ﺒﻤﻔﺘﺭﺴﺎﺕ 
ﺍﻟﻤﺠﻤﻭﻋﺎﺕ ﺍﻷﺨﺭﻱ ﻏﻴﺭ ﻤﺠﻤﻭﻋﺔ ﺃﺒﻭ ﺍﻟﻌﻴﺩ ﺘﺸﻤل ﺃﺴﺩ ﺍﻟﻤﻥ )ﺍﻟﻤﺠﻤﻭﻋﺎﺕ ﺍﻷﺨﺭﻱ 
 (. ﺭﻗﺎﺕ ﺫﺒﺎﺏ ﺍﻟﺴﺭﻓﺩ ﻭﺍﻟﻌﻨﺎﻜﺏ ﺍﻟﻤﻔﺘﺭﺴﺔﻭﻴ" aposyrhC"
ﺘﺘﻐﺫﻱ ﻋﻠﻲ ﻤﻥ ﺍﻟُﻌﺸﺭ ﺍﻟﺫﻱ ﻴﻌﻭﻟﻪ ( atageirav .H)ﻟﻭﺤﻅ ﺃﻥ ﺍﻟﺤﺸﺭﺓ ﺍﻟﻤﻔﺘﺭﺴﺔ 
ﻭﻫﺫﻩ ﻤﻥ ﺍﻟﺼﻔﺎﺕ ﺍﻟﺘﻲ . ﻫﺫﺍ ﺍﻟﻨﺒﺎﺕ، ﺭﻏﻡ ﺃﻥ ﻫﺫﺍ ﺍﻟﻨﺒﺎﺕ ﺴﺎﻡ ﻭﺘﺘﺠﻨﺒﻪ ﻤﻌﻅﻡ ﺍﻟﻤﻔﺘﺭﺴﺎﺕ
01 
ﻐﺫﻱ ﻤﻬﻤﺔ ﻓﻲ ﻤﺠﺎل ﺍﻟﻤﻜﺎﻓﺤﺔ ﺍﻟﺤﻴﻭﻴﺔ ﻷﻨﻬﺎ ﻏﻴﺭ ﻤﺘﺨﺼﺼﺔ ﻭﺘﺘ( atageirav .H)ﺘﺠﻌل 
 .ﻋﻠﻲ ﻗﺎﻋﺩﺓ ﻋﺭﻴﻀﺔ ﻤﻥ ﺁﻓﺎﺕ ﺍﻟﻤﺤﺎﺼﻴل
ﺴﺠﻠﺕ ﺃﻋﺩﺍﺩ ﺃﻜﺒﺭ ﻤﻥ ﺍﻟﻤﻔﺘﺭﺴﺎﺕ ﻋﻠﻲ ﻨﺒﺎﺘﺎﺕ ﺍﻟﺒﺎﺫﻨﺠﺎﻥ ﻏﻴﺭ ﺍﻟﻤﻌﺎﻤﻠﺔ ﺒﺎﻟﻤﺒﻴﺩﺍﺕ 
 . ﻤﻘﺎﺭﻨﺔ ﺒﺎﻟﻨﺒﺎﺘﺎﺕ ﺍﻟﻤﻌﺎﻤﻠﺔ
ﻴﻤﻜﻨﻬﺎ ﻤﻘﺎﻭﻤﺔ ﺍﻟﺠﻭﻉ ( atageirav .H)ﺃﻭﻀﺤﺕ ﺍﻟﺩﺭﺍﺴﺎﺕ ﺍﻟﻤﻌﻤﻠﻴﺔ ﺃﻥ ﺍﻟﺤﺸﺭﺓ 
 ﻴﻭﻤﺎﹰ 52 – 7ﺭﺓ ﺘﺘﺭﺍﻭﺡ ﻤﺎ ﺒﻴﻥ ﻟﻔﺘﺭﺍﺕ ﻁﻭﻴﻠﺔ ﻨﺴﺒﻴﺎُﹰ ﺤﻴﺙ ﺘﻤﻭﺕ ﻋﻨﺩ ﺍﻟﺘﺠﻭﻴﻊ ﺒﻌﺩ ﻓﺘ
ﻜﺫﻟﻙ ﻭﺠﺩ ﺃﻥ ﻫﺫﻩ ﺍﻟﺤﺸﺭﺓ ﺘﺘﻐﺫﻱ ﻋﻠﻲ ﺒﻴﻀﻬﺎ ﻋﻨﺩ ﺍﻟﺘﻌﺭﺽ ﻟﻠﺠﻭﻉ .  ﻴﻭﻡ71ﺒﻤﺘﻭﺴﻁ 
ﻟﻸﻨﺜﻲ ﺍﻟﺒﺎﻟﻐﺔ ﻭ % 0.49ﺘﺭﺍﻭﺤﺕ ﻨﺴﺒﺔ ﺇﻓﺘﺭﺍﺱ ﺒﻴﺽ ﺍﻟﻨﻭﻉ ﻓﻲ ﻫﺫﻩ ﺍﻟﺤﺸﺭﺓ ﻤﺎ ﺒﻴﻥ )
ﻋﻨﺩﻤﺎ ﺃﻋﻁﻴﺕ ﻫﺫﻩ ﺍﻟﺤﺸﺭﺓ ﺍﻟﻤﻔﺘﺭﺴﺔ ﺨﻴﺎﺭ ﺍﻟﺘﻐﺫﻴﺔ ﻋﻠﻲ (. ﻟﻴﺭﻗﺔ ﺍﻟﻁﻭﺭ ﺍﻟﺭﺍﺒﻊ% 6.39
 ﻤﺨﺘﻠﻔﺔ ﻤﻥ ﺤﺸﺭﺍﺕ ﺍﻟﻤﻥ ﻭﺠﺩ ﺃﻨﻬﺎ ﺘﻔﻀل ﻨﺴﺒﻴﺎﹰ ﺍﻟﺘﻐﺫﻴﺔ ﻋﻠﻲ ﻤﻥ ﺍﻟﺫﺭﺓ ﺃﻨﻭﺍﻉ
ﻓﻤﻥ ﺍﻟﻠﻭﺒﻴﺎ ( munimarg sihpazihcS)ﺜﻡ ﻤﻥ ﺍﻟﻘﻤﺢ ( irahccas sihpanaleM)
 sihpA)ﺒﻴﻨﻤﺎ ﻴﻌﺘﺒﺭ ﻤﻥ ﺍﻟﻌﺸﺭ ( iipyssog sihpA)ﻭﻤﻥ ﺍﻟﻘﻁﻥ ( aroviccarc sihpA)
 (. atageirav .H)ﻏﻴﺭ ﻤﺴﺘﺴﺎﻍ ﻟﻬﺫﻩ ﺍﻟﺤﺸﺭﺓ ( iiren
ﻨﺴﺒﺔ ﻟﺘﺄﺜﻴﺭ ﻨﻭﻉ ﺤﺸﺭﺓ ﺍﻟﻤﻥ ﻜﻐﺫﺍﺀ ﻋﻠﻲ ﻤﻌﺩل ﻭﻀﻊ ﺍﻟﺒﻴﺽ ﻭﺠﺩ ﺃﻥ ﺃﻨﺜﻲ ﺒﺎﻟ
ﺍﻟﻤﻔﺘﺭﺱ ﺘﻀﻊ ﻜﻤﻴﺔ ﺃﻜﺒﺭ ﻨﺴﺒﻴﺎﹰ ﻤﻥ ﺍﻟﺒﻴﺽ ﻋﻨﺩ ﺍﻟﺘﻐﺫﻴﺔ ﻋﻠﻲ ﻤﻥ ﺍﻟﺫﺭﺓ ﺜﻡ ﻤﻥ ﺍﻟﻠﻭﺒﻴﺎ ﺒﻴﻨﻤﺎ 
 .ﺇﻨﺨﻔﺽ ﻤﻌﺩل ﻭﻀﻊ ﺍﻟﺒﻴﺽ ﻋﻨﺩﻤﺎ ﺘﻐﺫﺕ ﻋﻠﻲ ﻤﻥ ﺍﻟﻘﻁﻥ
ﺠﻴل ﺍﻷﻭل ﺩﺭﺍﺴﺔ ﺍﻟﺠﺩﺍﻭل ﺍﻟﺤﻴﺎﺘﻴﺔ ﺃﻭﻀﺤﺕ ﺃﻥ ﺍﻟﻨﻤﻁ ﺍﻟﻌﺎﻡ ﻫﻭ ﺘﺤﺴﻥ ﺍﻷﺩﺍﺀ ﻓﻲ ﺍﻟ
ﻤﻌﺩل ﺍﻟﻨﻤﻭ . ﻤﻘﺎﺭﻨﺔ ﺒﺎﻟﺠﻴل ﺍﻟﺜﺎﻨﻲ ﻟﻬﺫﺍ ﺍﻟﻤﻔﺘﺭﺱ ﻤﻥ ﺤﻴﺙ ﺩﻭﺭﺓ ﺍﻟﺤﻴﺎﺓ ﻭﺍﻟﺘﻜﺎﺜﺭ ﻭﻏﻴﺭﻫﺎ
 .ﻜﺎﻥ ﺠﻴﺩﺍﹰ ﻤﻤﺎ ﻴﻌﻁﻲ ﻤﺅﺸﺭﺍﹰ ﻹﻋﺘﺒﺎﺭ ﻫﺫﻩ ﺍﻟﺤﺸﺭﺓ ﻤﻬﻤﺔ ﻓﻲ ﻤﺠﺎل ﺍﻟﻤﻜﺎﻓﺤﺔ ﺍﻟﺤﻴﻭﻴﺔ
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1. INTRODUCTION 
It has been stated that the total number of insects described is 
about 1000000 species of which only about 10000 species are 
considered economically important (Atkins, 1978, De Bach, 1974), 
because they cause some type of injury to crops, man or domestic 
animals. This number would certainly be very high if the natural 
enemies were missing. It has also been indicated that “extensive 
record of unusual outbreaks of secondary pests following the 
introduction of synthetic insecticides after World War Two is 
generally considered due to disruption of resident natural enemies” 
(Ripper, 1956). Development of resistance is another main 
disadvantage of the use of chemicals, especially the broad-spectrum 
compounds used in combating pests. 
Problems posed by extensive use of organic chemicals in 
agriculture include: 1. Pest resistance to insecticides. 2. Induced 
secondary pest outbreaks. 3. Rapid resurgence of treated pest species 
necessitating repetitive insecticide applications. 4. Toxic insecticide 
residues on food and forage crops. 5. Hazards to insecticides handlers 
and to persons, livestock and wild life subjected to contamination by 
drift. 6. Legal complications associated with the above mentioned 
problems. 
Insect pests were recorded second only to climate in 
determining successful growth of crops e.g. cotton (Munro, 1987). 
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The great importance of Hemiptera, among insects, to which aphids 
belong is related to their peculiar mouthparts. Damage to plants is of 
two folds: 1.Tissues are directly injured during piercing and sucking 
and the injected saliva also gives rise to necrotic spots (e.g. Mirids), 
bleached spots (e.g. Jassids) and leaf curl (e.g. Aphids). 2. Indirect 
damage by transmission of viruses (leaf curl, Potato virus Y, beet 
yellows and beet mosaic viruses). Aphids are considered very efficient 
virus vectors due to: 1.Their fecundity and rapid maturation 2.The 
winged forms are mobile and readily transported in air currents. 3. 
They possess a form of mouthparts, which act as a hypodermic 
syringe reaching the phloem (Pollard, 1958). 
Aphids are considered the most taxon that transmits a great 
number and variety of viruses than any other group of organisms. This 
may partly be due to their way of life which is specialized to use food 
to the full when it is plentiful and suffer the least loss when it is 
lacking. They reproduce by parthenogenesis, viviparously and rapidly 
on susceptible lush vegetation and then have a short period of sexual 
activity sufficient to lay eggs in temperate climate that withstand long 
periods of adverse conditions and for beneficial mutations to survive. 
Mutations in aphids are many and help to adapt to changing 
conditions of climate and host plant (Dixon, 1978). 
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Viruses have exploited different aphid behaviour for 
transmission. These relationships seem to have evolved around three 
kinds of aphid behaviour. 
1. Host selection: aphids make short probes into a plant 
after migration or movement between plants. 
2. Colony establishment: invading alate of some aphid 
species deposit a few larvae on each of several plants 
instead of establishing a single large colony on one plant. 
3. Dispersal of population: after colonies of apterous 
alienicolae have become dense, alate develop and move 
within and between crops, establishing new colonies. 
This ensures against extinction of the race by over 
population and spread of viruses from the parent plants to 
new plants. 
As the human population grows, demand for more food 
production will also increase. On the other hand, fossil fuels will 
diminish and priorities as to their use will be limited. Consequently, 
alternative sources of energy subsidies for pest control will be sought. 
Since many techniques using natural enemies require less expenditure 
of energy than does chemical control, they are receiving considerable 
attention. 
The general role of natural enemies in the regulation of 
populations of their hosts is seen in the results of natural enemy 
 21
introduction and analysis of the effects of indigenous natural enemies 
in the control of their indigenous natural hosts. Predators are such 
natural enemies considered to be a significant means of natural pest 
suppression. Predation may enrich or deplete the diversity and 
structure of natural communities. Therefore, it is very important to 
understand the biology, ecology and physiology of natural enemies in 
order to evaluate their effectiveness and to ensure their continued 
support for biological control and their usefulness in being 
incorporated into integrated control programmes. 
Most species of ladybird beetles (Coleoptera: Coccinellidae) 
have been known as biological control agents because of their 
entomophagous habits. A great number of coccinellids are predators at 
both adult and larval stages, preying on aphids, scale insects, mealy 
bugs and other small insects. Some species of coccinellids are 
predators only at larval stages while their adults are considered as 
pests of crops. Predaceous coccinellids have a wide range of accepted 
food. A part from feeding on Homoptera and mites, they often prey 
also on young instars of Lepidoptera and Coleoptera (Conrad, 1959). 
Although a lot of work has been done on the ecology of 
predaceous coccinellids, yet more is needed considering the effect of 
habitat variation on the results of such ecological studies. Thus, this 
study aims at the followings: 
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1. To conduct a survey to identify coccinellid 
species available in Khartoum State. 
2. To see changes in populations of aphids on wheat 
and berseem (winter crops) and on cotton and 
sorghum (Abu sabein) (summer crops). 
3. To see the sequence of change in the numbers of 
adult coccinellids on above crops. 
4. To determine the relation between the numbers of 
coccinellids and aphids. 
5. To estimate mortality rates of coccinellids. 
6. To see relative degree of predation of coccinellids 
on the different aphid species. 
7. To see food preference among coccinellids 
(Hippodamia variegata Goeze) if given the 
choice. 
8. To see rate of cannibalism in coccinellid larvae 
and adults. 
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2. REVIEW OF LITERATURE 
2.1 Coccinellidae-General 
Smith (1966) defined food ecology of aphidophagous insects 
as the study of effects of food on the numbers and distribution of 
parasites and predators that feed on aphids at some stage in their life 
histories. It concerns the identification of all foods that are used by 
these insects and determination of the qualitative and quantitative 
effects of food on the longevity, fecundity and fertility of adults, the 
development and growth of immature stages and the dispersion of 
mobile stages. It includes the assessment of behavioural factors that 
interact with nutritional factors to affect numbers. Hodek (1966) 
classified foods according to their influence on numbers into: essential 
foods which promote reproduction and growth, and alternative foods 
that are used for maintenance. 
Aphidophagous coccinellids are mostly very polyphagous with 
a wide range of accepted foods. They feed on small insects and eggs 
of insects, especially the Aphididae, Coccidae and Aleyrodidae 
(Sweetman, 1985). Hodek (1966) also indicated that coccinellids prey 
on Psylloidea, Cicadoidea, mites, small nematocerous Diptera and 
instars of Lepidoptera and Coleoptera. Generally not all foods are 
equally acceptable to coccinellids. The same species of aphid which 
may be suitable as food for one species of coccinellid may be 
unsuitable or even toxic to another (Blackman, 1966). 
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The study of specificity provides the basis for an elaboration of 
a general scheme of behaviour of active predators. It is also necessary 
to differentiate between seasonal climatic conditions which affect the 
distribution of coccinellids in the habitat (Iperti, 1966). Food 
specificity in coccinellids exists only between major taxonomic 
groupings (Balduf, 1935). Predaceous coccinellids may consume 
greater of their prey. Within certain limits, the consumption of food 
seems to be positively correlated with the population density of prey 
(Way et al., 1969). This is apparently due to increased opportunity of 
feeding, since the prey is only partially consumed (Holling, 1961, 
1966). This probably explain why, when prey is abundant, the larvae 
consume considerably more than the minimum required for their 
development (Hodek, 1958, 1984). 
Often, 3-4 species of Coccinellidae may occur in the same 
habitat feeding upon the same species of aphids, but at times, two 
species of the same genus in the same habitat will feed upon two 
completely different preys (Kanervo, 1940). 
Predators that feed  both  as  adults  and  larvae  are  generally 
well  synchronized  with  aphid  population  and  are  highly  sensitive 
to  changes  in host  density (Samways, 1981; DeBach, 1974). 
Because of this, they are more effective enemies than those species 
that are predaceous only as larvae or as adults (Hagen and Van Den 
Bosch, 1968). 
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Evidences for the importance of coccinellids in natural control 
of aphids and small insects pests have been shown in so many 
occasions. Bashir (1968) mentioned that Coccinella undecimpunctata 
L. was a major natural enemy of Aphis craccivora Koch. By 
comparing the developmental stages of C. undecimpunctata and that 
of Cheilomenes propinqua vicina Muls., he concluded that the 
developmental period for C. undecimpunctata was slightly longer than 
that of C. vicina. Abdalla and Beije (1997) monitored eleven 
commercial wheat fields in Central Gezira. They stated that aphid 
infestation during 1995/96 season came late and occurred at relatively 
low level, so that none of the eleven fields were sprayed. He 
concluded that predators were effective at suppressing aphid 
populations. The total impact of aphid predators was reflected in the 
low level of aphids infestation, making chemical control unnecessary. 
Abdalla and Beije (1997) also indicated that single C. vicina Muls. 
adults consumed an average of 35 wheat aphids per day, while middle 
aged single larvae consumed 28 aphids per day. At higher predator 
densities (4 specimens per dish) relatively fewer aphids were 
consumed. 
Herrera (1986 a) concluded that the predatory fauna of the 
Sudan was surprisingly varied and complex and that many predators 
survived on vegetations along river banks, whereas other specimens 
were often killed by insecticides. 
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Johnson (1907) reported that highly coloured aphids could not 
be successfully fed to coccinellids. Also aphids with a thick waxy 
cover were generally avoided by both adults and immature stages of 
coccinellids, but they accepted them in the absence of other more 
suitable food (Yakhontov, 1966). Hodek (1966) carried out various 
experiments to assess the suitability of different aphids on the 
performance of coccinellids. He found that A. craccivora (koch) living 
on Vicia faba L. was equally unfavourable diet for the coccinellid, 
Semiadalia undecimnotata (Scheid.) which could neither complete its 
development nor oviposit. This prey was, however, favourable for 
Coccinella septempunctata (L.). Bashir (1968) and Ofuya (1986) 
found that this prey was suitable for Cheilomenes propinqua vicina 
(Muls.). 
Hodek (1966) reported that Aphis sambuci L. was slightly 
unfavourable for Adalia bipunctata Goe, more larvae of which died 
when fed on it than when fed on Aphis fabae (Scop.) from jasmine. 
Aphis nerii (Boy.) feeding on Nerium oleander L. was poisonous to 
most coccinellids except Adonia variegata (=Hippodamia variegate 
Goeze) (Iperti, 1960).  
Hodek (1966) reported that not all accepted food was 
necessarily essential for development of larvae and ripening of 
ovaries. Alternative food is often accepted though does not permit 
development but serves only as a source of energy. There exists in 
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nature a variety of food ranging from harmful foods which cause high 
or total mortality, to less harmful ones on which development is 
retarded. 
The unsuitability of certain prey for coccinellids appeared to 
be either to some special substances “mostly derived from plants” 
which are poisonous for coccinellids, or to the fact that aphids are 
deficient in the essential nutritive values (Hodek, 1966). For example, 
in A. sambuci (L.), the occurrence of glycoside sambunigrin 
(contained in the host plant, Sambucus nigra) was presumed. This 
toxin can split enzymatically into hydrocyanic acid in the body of 
coccinellids (McIlroy, 1951, Gibbs, 1954; Hardy, 1979 and Hodek, 
1956, 1957). 
The specificity of coccinellids towards aphids is not only 
attributed to the trophic preference, but it is also influenced by other 
factors including the environment and climate (Iperti, 1966). Each 
coccinellid species prefers a certain strata of vegetation. The 
microclimatic conditions of these strata are different depending on the 
type of vegetation (natural or cultivated). According to Thompson 
(1951), the incidence of coccinellids is not primarily caused by the 
preference of suitable prey, but by the fixation to a habitat with special 
qualities. 
Aphids escape predator attack in many ways. For example, 
aphids with long appendages are more difficult to capture by 
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predatory larvae than more compact aphids with short appendages 
(Kaddou, 1960). The large size and conspicuous colourations of adults 
appear to give more warning to the threaten prey than the dull more 
flat form of the larval stage (Dixon, 1958). The coccinellid larvae and 
adults evidently do not perceive their prey until contact (Banks, 
1954a, 1954b, 1957, Dixon, 1959; Kaddou, 1960). Aphids are known 
to avoid capture by predators by being unpalatable. Dixon (1958) has 
recorded Hyalopterus priuni (Geoffreoy) being rejected for this reason 
following seizure, other species such as Megoura viciae (Bucton) and 
A. sambuci L. have similar properties and when ingested retarded 
development or proved toxic to certain species of Coccinellidae 
(Blackman, 1967 and Hodek, 1967). More palatable aphid species 
avoid capture by employing various behavioural responses which 
serve a defensive or evasive function. For example, the nettle aphid 
Microlophium evansi (Theobald) avoided capture by Adalia 
decimpunctata (L.) by kicking, walking away or dropping from the 
leaf (Dixon, 1958); when seized, it also immobilized the predator with 
a defensive secretion from the siphunculi. Similar use of chemical 
defense has been reported by Edwards (1966) for A. fabae (Scop.), 
Macrosiphon rudbeckiae (Fitch.) and Myzus persicae (Sulzer).  
Defensive behaviour of the wheat aphids, Schizaphis 
graminum (Rond.) was found to affect the efficiency of some 
coccinellid predators. Brown (1974) studied the behaviour of this 
aphid species against attack by two of the coccinellid species 
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(Scymnus morellete Muls.) and (Exochomus concavus Fursch). The 
capture of prey by these two coccinellid species sometimes involved 
seizure of prey by the legs, as well as the body, and injection of toxic 
oral secretion into the prey. Schizaphis graminum (Rond.) responded 
to such attack in the following manner: 1.Upon contact of the leg by 
searching coccinellid, Schizaphis responded by kicking, and often the 
small sized predators were forced to retire or even knocked off the 
leaf. 2.The aphid performed a “bucking” reaction, which consisted of 
synchronized kicking of both hind legs due to the predator crawling 
over the aphid’s back or after stimulating the middle and the hind legs 
of the aphid. 3. S. graminum may swivel away from the source of 
disturbance after being stimulated from one side. Such behaviour may 
cause the aphid to turn 90° to their long axis, some aphids turn 180° to 
face in the opposite direction. 4. The aphid may simply walk away 
upon an approaching predator. 5. The aphid may spring or drop off the 
plant. 6. The aphid may violently pull free it’s seized appendage and 
escape. 7. The aphid may even shed it’s leg, mostly by severing leg at 
the junction of trochanter and femur. Individual aphids subjected to 
repeated attacks shed as many as three legs and resettled to resume 
feeding and reproduction. 
Cannibalism among coccinellid predators has been reported 
(Dimetry, 1974). It has been argued that this phenomenon adds to the 
efficiency of predators in their habitat. Bashir (1968) indicated that the 
phenomenon of cannibalism to occur under scarcity of food or 
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overcrowding. Females of lady beetle C. undecimpunctata L. were 
noticed feeding on their own eggs but did not attack the larvae or 
pupae. Newly hatched larvae usually fed on unhatched eggs and those 
hatching in the same cluster. 
Percentage of eggs destroyed by the newly hatched larvae was 
found to increase with the increase in the length of hatching period of 
the egg cluster. Advanced larval stages were also observed to attack 
each other under stress. Takahashi (1987) studied cannibalism by the 
larvae of C. septempunctata bruckii L. in the laboratory. He concluded 
that, with adequate supply of aphid, (Acyrthosiphon kondoi), eggs 
were occasionally eaten by the first and the second instar larvae but 
never by the third or the fourth, and larval cannibalism was minimal. 
When no aphids were provided, most of the eggs were eaten by the 
larvae of all instars. 
The tribe Coccinellini among others deposit their eggs in 
batches and eggs are placed vertically and exposed. This type of egg 
placement is conducive to egg cannibalism, because the larvae upon 
hatching remain clustered about their eggs for nearly a day. 
Differential hatching among the eggs may provide the first food for 
the young larvae hatching first (Banks, 1956, Dixon, 1959; Kaddou, 
1960). This first feeding can be beneficial in low prey densities, for 
such feeding nearly doubles the life of the young larva and increases 
it’s searching capacity (Banks, 1956). 
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Although predators can perceive their host at a distance 
(Thompson, 1951), all of the experimental evidences for predaceous 
coccinellids show that these predators are guided by phototaxis and 
geotaxis, so that their search can only be random. Detection of the 
prey occurs only after a direct physical contact (Hagen, 1962). Such 
behaviour enables coccinellids to check the increase of the prey 
population easily, since the predator can be present on the crop at the 
very beginning of the infestation. But the same behaviour handicaps 
the first instar larvae, for they often perish before finding food, if the 
density of the prey population is low (Blackman, 1965). The first 
instar larvae can survive after having cannibalized eggs of the same 
egg batch. Such egg cannibalism reduces the activity of the larvae and 
their success in finding prey. 
Nakamuta (1984) reported that aphid’s body fluid was the final 
cue by which the coccinellid, C. undecimpunctata recognized it’s 
prey, even though visual perception plays a role in prey capture. 
Photoperiod has an important role in the regulation of 
reproductive activity in the coccinellid, Semiadalia undecimnotata 
(Scheid)(Hodek, 1977). Despite favourable temperature and food 
condition, oviposition was predominantly prevented in 10% of the 
females and substantially delayed in 86% of the females at L – D 
12:12 photo period (short day condition did not prevent a gradual 
onset of oviposition after 60.3 days on average). Fecundity and 
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oviposition rate in short-day females was high. Sakurai et al. (1987) 
studied diapause regulation in C. septempunctata bruckii L. He 
concluded that a long photoperiod and high temperature affected the 
corpus allatum activity of adults and caused a change in the 
electrophoretic pattern of haemolymph protein characteristic of 
diapause. 
Nakamuta (1987) working on C. septempunctata bruckii L. 
tested locomotor activity during food deprivation in L – D 16:8 and 
continuous light. He concluded that the endogenous circadian timing 
predominates over hunger as a determinant of search activity. The 
female accepted and consumed the aphid prey (Myzus persicae Sulz.) 
presented at night, but the number of prey consumed was significantly 
lower than in the light. This suggests that during the dark, activity 
related to prey - searching is suppressed, though females are able to 
accept and consume prey even at night. 
Sem’Yanov (1986) carried out series of experiments with 
populations of C. septempunctata L. He concluded that aestivation 
was induced not by photoperiod conditions or by temperature but only 
by the absence of aphid prey, Megoura viciae (Bucton.). The onset of 
aestivation was accompanied by inception of the migratory state. 
The study of artificial food is also of greater importance. It’s 
use will both facilitate further study of coccinellids, especially their 
mass breeding. Application of dry synthetic foods to the foliage crops 
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infested with aphids is very promising, since it can attract coccinellids 
and also lower their mortality at low density of prey (Smith, 1960). 
Kim et al., (1985) studied the effect of the composition of 
artificial diets on growth and ovarian development of the coccinellid, 
Harmonia axyridis Pallas. The basic diet contained agar, casein, 
glucose, cholesterol ascorbic acid, a vitamin B mixture, sorbic acid, 
methyl, 4- hydroxybenzoate (Methyl Paraben), chlorophenicol and 
distilled water, and to this were added honey, yeast, or powder of 
either dried drone pupae (of Apis mellifera L.) or defatted silkworm 
pupa (Bombyx mori Linn.). Results indicated that the development 
period of H. axyridis Pallas. was longer and hatch rate lower when the 
coccinellids were reared on artificial fresh diets than when they were 
fed with Aphis gossypii Glover. The number of eggs laid and the 
pupation and adult emergence rate were similar in coccinellid fed on 
aphids and on artificial food with drone powder but these parameters 
were reduced by the basic diet with a mixture of drone powder, 
silkworm powder and yeast. The life span of the first generation adults 
reared on artificial diets was longer than that of those fed on aphids, 
but life span of subsequent generations was shorter on an artificial diet 
than on aphids. Body and ovary weight were higher, and ovariole 
development lower than in coccinellids reared on aphids. 
The effectiveness of coccinellids can vary considerably under 
different meteorological conditions (Hodek et al., 1965), and it can 
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even double in alternating temperatures when compared with constant 
ones (Hodek, 1957). There are 4 larval instars in nearly all 
coccinellids. The development of immature varies with temperature. 
In the field, temperature conditions were found to retard coccinellid 
predators' activity but not the prey (Dunn, 1952). Garcia (1977) 
reported that adults of Scymnus sp. fed on Aphis gossypii Glover lived 
for 105–237 days. Females that paired several times produced an 
average of about 190 eggs each, whereas those that paired only once 
produced an average of about 86 eggs each. The coccinellid destroyed 
an average of 774 nymphs or adults of Aphis gossypii each in the 
course of their larval development, and adults destroyed an average of 
1416 aphids each during their life span. 
2.2 Hippodamia variegata Goeze (=Adonia variegate Goeze) 
This species is cosmopolitan and has been reported from all 
over the world. For example, Thakur et al. (1989) reported H. 
variegata among the natural enemy complex of Brevicoryne brassicae 
L. from India; Guber et al. (1991) also reported it on Diuraphis noxia 
(Mordvilko) in Eurasia; Aalbersberg et al. (1989) in wheat field in 
Japan; Gupta et al, (1989a) on Myzus persicae in India where it was 
found to consume a mean of 19 aphids, Tsadik (1997) on cereal 
aphids in Oromia, Ethiopia; El-Hag and Zaitoon (1996) from Central 
Saudi Arabia; Hoebeke and Wheeler (1996) from Canada; Wheeler 
(1993), Ellis et al., (1999) and Gordon (1987) from USA. Adonia 
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(Hippodamia) variegata was also reported feeding on eggs of 
Heliothis armigera Hub. (Umarov et al., 1975); egg of fall webworm, 
Hyaphantria cunea Drury (Kim et al., 1968) and thrips where it had 
been successfully released at the rate of 8 per m2 for the control of the 
tobacco thrip [Thrips tabaci (Lind.)] in Bulgaria (Dimitrov, 1967). 
Kapur (1942) reported that the life cycle of H. variegata Goeze was 
completed in 16.2 days at a temperature of 29 – 34.6°C and in 12.3 
and 19.6 days at constant temperatures of 32°C and 25°C respectively. 
Badawy (1968) reported that pairing among A. variegata occurred 1-2 
days after emergence and the preoviposition period was 2-4 days. 
Adults of A variegata were found parasitized by Perilitus coccinellae 
(Schr.)(Liu, 1944), the larval stages by Homalotylus faminius and the 
pupal stage by Phalactrotophora sp. and Parachrysocharis sp. 
(Kapur, 1942 and Iperti, 1964). 
Pekin (1996) reported H. variegata among the predators 
adapted to extreme values of humidity. Haile and Megenasa (1987) 
indicated that H. variegata was among the most important coccinellid 
predators controlling aphids on barley in Shewa, Welo and Tigrai in 
Ethiopia. Belikova and Kosaev (1985) mentioned that larvae of H. 
variegata were among the most voracious predators on aphids and 
preferred cotton aphid, A. gossypii, whereas adult of C. 
septempunctata preferred Aphis medicaginis Theob. (=A. craccivora 
Koch.). Wu (1986) reported that natural enemies population was 
increased by improving the diversity of cotton agroecosystem 
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compared with large areas of monoculture, and that H. variegata was 
among the dominant predator species. Garcia and Ribeira (1983) used 
an alfactometer to elucidate the preferences of C. septempunctata L. 
and H. variegata (Goeze) with Acyrthosiphon pisum (Harris), 
Megoura viciae Buckt. and A. fabae Scop. as prey. A significant 
preference for aphid infested plants over uninfested plants was 
evident, with H. variegata showing a marked preference for M. viciae 
over A. fabae Scop. Michels and Flanders (1992) reported that H. 
variegata fed on Diuraphis noxia rapidly developed at 11.6 days and 
consumed 28 aphids per day. A greater number of eggs were also 
produced when fed on S. graminum (Rond.). 
Kalushkov et al. (1991) studied the behaviour of H. variegata 
and concluded that the beetle after eating the aphid, Acyrthosiphon 
pisum, changed it’s behaviour by reducing the speed of movement and 
intensively searched for fresh prey in the near vicinity. Grevestad and 
Klepetka (1992) studied the effect of plant architecture on foraging 
efficiency of some coccinellid including H. variegata, using four 
cruciferous plants. He found that predation rates were significantly 
influenced by plant variety. 
El-Hag (1992) reported that C. undecimpunctata alone or in 
combination with H. variegata satisfactorily controlled S. graminum 
(Rond) in a confined environment. El-Hag et al. (1996) reported high 
fecundity for H. variegata. Percentage egg hatch and immature 
 37
survival rate were also high for H. variegata. Patel et al. (1991) 
reported that after 24 hours exposure to some insecticides, 100% 
mortality was caused by monocrotophos (0.04%), Cypermethrim 
(0.03%) demeton-o-methyl (0.03%) and phosphamidon (0.03%). 
Formathion (0.03%) and fenvalerate (0.015%) were the least toxic and 
caused 0.0 and 6.7% mortality, respectively. 
According to Adam (1979), eggs of H. variegata are laid in 
cluster of 3-24. Incubation period about three days. Percentage egg 
hatch about 85.2, duration of development for immature stages was 
1.8, 1.6, 1.3 and 1.8 days for the first, second, third and fourth instar 
larvae, respectively and 1.5 and 3.8 days for prepupa and pupa, 
respectively. Mean preoviposition period was 3.8 day and mean total 
eggs laid per female was 863.7 eggs. Pairs copulated few hours after 
emergence and the act lasted for life and frequently repeated. Egg 
laying continued. Female laid few eggs at the start, then more eggs, 
but again few eggs towards the end of life. The daily laid number of 
eggs was not consistent. Fecundity was highest in the first generation 
but productivity decreased over the successive generations. The same 
trend occurred with adult longevity in the successive generations and 
there was no marked difference between sexes. Amount of aphids 
needed to start egg laying was 12.8. The amount of eggs deposited 
daily increased with the increase in the daily quantity of aphids eaten 
up to 30 aphids per day. 
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2.3. The aphids 
2.3.1 The cotton aphid, Aphis gossypii Glover 
This species tends to show an even distribution on the surface 
of the leaf. Compact colonies are not of usual occurrence. Apterous 
adults exhibit considerable variation in both size and colour, but no 
correlation could be found between colour and size. A. gossypii shows 
great diversity in the size of apterous individuals. Size and structure 
are fairly uniform in the alate and marked differences could be 
detected among them (Sharaf El Din, 1963). 
Variation in colour is a characteristic feature of the apterous 
individuals while the alate show uniformity. The alate adults show a 
range of colour from dark green, green to dusky yellow while the 
nymphs are light brown, and become dark brown on maturity (Sharaf 
El Din, 1963). 
Wall (1933) and Eastop (1958) explained colour variability on 
the basis of different subspecies or races. But it has been observed that 
an adult of a certain colour produces individuals with a wide range of 
coloration. Furthermore, colour forms may have a bearing on the 
seasonal history of the aphids. 
In Khartoum area, the dark green forms predominate early in 
the season between mid-November and early February when 
conditions are more or less optimum. With the progress of the season, 
the light forms tend to increase in numbers until mid-March after 
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which most of the aphids are light coloured. The study of the seasonal 
life history of these forms revealed that the dark green individuals 
infesting the crop early in the season are the offspring of the migrant 
alate. These predominate as long as the infestation is sparse. With the 
build-up of the population, intermediate colour forms appear until late 
in the season when most of the population will be alate giving rise to 
light coloured forms. These observations support the idea that light 
forms are perhaps more capable of surviving adverse environmental 
and nutritional conditions (Kring, 1959). 
A. gossypii Glover completed development and attained 
maturity (on cotton) in an average of 7.6 ± 0.53 days and deposited an 
average of 26.9 ± 9.10 nymphs (Sharaf El-Din, 1963). The apterous 
viviparous females deposited a higher number of nymphs than the 
alate. The average longevity of the females was 16.4 ± 4.08 and 13.5 ± 
3.5 days for apterous and alate, respectively. Average deposition 
period was 15.0 ±  3.15 and 12.6 ± 3.54 for the apterous and alate 
respectively. The rate of reproduction was 2.3 ± 0.48 and 1.4 ± 0.38 
nymphs per day for apterous and alate, respectively. Most of the alate 
tend to die directly after depositing the last nymph, while the apterae 
spent a few days feeding before death (Sharaf El Din, 1963). 
The distribution of A. gossypii did not show a definite trend. A 
plant with a very high infestation was adjacent (in some cases) to 
plants harbouring only a small number of aphids (Sharaf El-Din, 
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1963). This might show that the insect was mostly stationary on the 
leaf, and when it settled on a plant it colonized it without a tendency 
to migrate to other adjacent plants. Sharaf El-Din (1963) further 
observed that the lower parts of host plants generally sustained a 
higher populations of A gossypii Glover than the upper parts. 
2.3.2 The cowpea aphid, Aphis craccivora koch 
This aphid species has the following synonyms: Aphis laburni 
(Kaltenbach); A. medicaginis (Theobold); A. leguminosae (Theobold) 
and A. cistiella (Theobold).  
Aphis craccivora Koch. is among the most important aphid 
species in many countries in the tropics, subtropics and temperate 
climates as it is known to be a vector of plant viruses Varma et al. 
(1965). It is a polyphagous and predominantly a pest of leguminous 
plants but also occurs quite commonly on other host plants (Kranz et 
al., 1977). In the Sudan, the insect was observed in most parts of the 
country such as Northern, Khartoum, Kassala, Blue Nile, Kordofan, 
Darfur and Equatoria Provinces (Schmutterer, 1969). In temperate 
regions, A. craccivora Koch. passes the winter in the egg stage 
(Wigglesworth, 1964), and exhibits the phenomenon of alternation of 
sexual and asexual generations. Out side temperate regions, the 
occurrence of sexual forms of A. craccivora was recorded only from 
India on Tinospora cordifolia Miers (Basu et al., 1968), otherwise in 
these areas, reproduction is exclusively asexual (Wigglesworth, 1964). 
 41
Soyer (1939) found that the developmental period of alate and apterae 
lasted 6-7 days. Real (1955) did numerous laboratory investigations 
on the development and fecundity of A. craccivora which were 
confirmed by Radke et al., (1973). The observations were mostly 
concerned with those females in each generation, that completed 
development in the shortest time and produced the most off spring. 
Among these the mean minimum time between generations was 6.5 
days, the reproductive period averaged 6.7 days and an average of 2.1 
offspring was produced per day. 
A. craccivora Koch. is recorded wherever leguminous crops are 
grown. The insect is also reported as a vector of the subterranean 
clover virus in Australia (Grylls and Butler, 1956); of cucumber 
mosaic virus on pepper in Hungary (Szalay and Solymosy, 1962); of 
Soybean mosaic virus in Japan (Koshimizu, 1963) etc. In the Sudan, 
the cowpea aphid is a major pest of groundnuts in Equatoria where it 
transmits the groundnut rosette virus (Schmutterer, 1969). Annual 
heavy outbreaks may be observed in the northern Sudan on berseem 
crop (Bashir, 1968) and Egyptian beans (Vicia faba L.) during the 
winter months. On broad bean, the aphid is capable of transmitting 
pea mosaic virus in central and northern Sudan (Nour and Nour, 
1962). Losses caused by the aphid A. craccivora were estimated at 
30% in the government schemes and may amount to 100% for 
individual farmers (Watson, 1981, cited by El Hady, 1994). 
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In the Sudan, Adam (1979) studied the biology of A. craccivora 
on Dolichos lablab and Medicago sativa L. He observed that the 
nymphs passed four instars, the duration of each was 2-3 days on both 
host plants. The total nymphal duration of individuals reared on 
Medicago sp. averaged 9.2 days and on Dolichos sp. 6.63 days. The 
highest mean total nymph per female was 36.7 on Medicago sp. and 
23.4 nymphs on Dolichos sp. 
The cowpea aphid attacks the tender shoots and leaves of young 
vigorously growing plants. The leaves curl and the shoots are stunted 
in growth and covered with honeydew. As most of the host plants are 
grown as forage crops, the yields are considerably affected by the 
feeding injury of the aphid, direct damage by feeding aphid colonies is 
mostly of moderate economic importance when compared with the 
heavy indirect injury caused by the transmission of virus diseases 
(Dorge et al., 1966; Adam, 1979). 
Host plants of A. craccivora include: Arachis hypogaea, 
Dolichos lablab, Medicago sativa, Phaseolus vulgaris, Vicia faba 
(Papilionaceae); Euphorbia sp. (Euphorbiaceae); Bougainvillea sp. 
(Nyctaginaceae); Solanum nigrum (Solanaceae); Portulaca oleracea 
(Portulaceae)’ Gossypium spp. (Malvaceae); Ceiba pentandra 
(Bombaceae) and Cuscuta planiflora (Convolvulaceae)(Adam, 1979). 
 
 
 43
2.3.3. The wheat aphid Schizaphis graminum (Rond.) 
The wheat aphid has the following synonyms: Toxoptera 
graminum (Rond); Rhopalosiphum graminum and Hysteroneura 
graminum. The species also has several common names including: the 
green bug; spring grain aphid, the wheat aphis and the common grain 
louse (Kranz and Schmutterer, 1977). 
Schizaphis graminum Rond. is a cosmopolitan species reported 
from Europe, the Middle East, Central Asia, Africa, India, Nepal, 
Pakistan, Thailand, Korea, Taiwan, Japan and North Central and 
South America. Feeding of this aphid at first produces pale areas of 
the leaf which can turn into reddish colour. These discolorations are 
due to chlorophyll damage. With increased attack, the leaves show a 
blotchy and striated chlorosis, which spreads until the leaves are 
entirely yellow. In some cases, damaged leaves may look as though 
had been burnt (Abdalla, 1996; Kranz et al., 1977). 
Schizaphis graminum Rond. forms large colonies on the leaves 
producing yellow rusty areas on leaf blades by their continuous 
feeding (El-Khidir, 1977). The aphid counts reached a peak during the 
9th and 11th week after sowing. Concentration of S. graminum colonies 
near the top growing leaves produced weak shoot and quite often 
killed the heart- leaf (El-Khidir, 1977). 
Kranz et al., (1977) mentioned that in catastrophic years, the 
losses can reach 50% by S. graminum (Rond.) in some states in the 
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U.S.A. He added that the wheat aphid is the most damaging after 
migratory locust. In 1944/45, losses of 80-100% occurred in the wheat 
fields in Uruguay. 
Blackman and Eastop (1984) quoting Rochow (1960) reported 
that S. graminum is a vector of barley yellow dwarf, millet red leaf, 
sugar cane mosaic and Western wheat mosaic viruses; and of a virus 
disease of rice in the USSR. 
El-Khidir (1977) reported that the average duration of the first, 
second, third and fourth instar nymphs were 2.08 ± 0.41; 1.21 ± 0.13; 
1.46 ± 0.16 and 1.25 ± 0.14 days, respectively. The average adult life 
span was 30.7 ± 7.98 days. The average nymph production throughout 
the life span was 59 nymphs (ranging from 43-81 nymphs). The 
maximum number of nymphs produced by a female per day was 10 
nymphs. Aging females left plants and dropped to the ground and then 
died.  
Harris (1939) reported that the aphids overwintered in the egg 
stage and the hatching nymphs become stem mother which produce 
living young in succeeding generations during summer. The 
individual fecundity of the aphids averaged 4 per day under 
favourable conditions and usually, a total production of less than 100 
nymphs per life. Poor nutrition, low temperature and shorter 
photoperiod increased the number of winged Schizaphis graminum. 
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Barbulescu (1975) investigated the duration and number of 
generations of S. graminum Rond. based on observations in Romania 
in the field from spring to autumn on sorghum and in the green house 
at 25-30°C on winter barley, and sorghum under field conditions. The 
aphid had 21-23 parthenogenetic generations between hatching of the 
fundatrix nymphs at the end of March or early April, and the laying of 
the winter eggs by the sexual females in October to November. Great 
increase in numbers of aphids at temperatures between 22-24 °C was 
also observed. Temperature above 40°C (42°C) are lethal for the 
wheat aphid. 
Kring and Kring (1988) studied the reproduction and fecundity 
of adults of S. graminum parasitized by Lysiphlebus testaceipe 
Cresson. Daily reproduction by S. graminum declined rapidly after 
parasitism, except at the lowest temperature regime. Reproduction and 
longevity of parasitized aphids were longest at lower temperature 
regime. No significant differences were observed in the total progeny 
produced at different temperatures. The number of progeny within 
parasitized adults (3.37±0.33) was not significantly different from the 
mean total progeny produced by parasitized aphids. It is concluded 
that parasitisim interferes with cogenesis, but not with embryonic 
development or progeny deposition.  
 Muddather (1976) reported that wheat in irrigated Gezira of the 
Sudan is  infested  by  Rhopalosiphum  maidis  and  S.  graminum.    
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R. maidis preferred the upper surface of the youngest leaves. While S. 
graminum which was also common on the upper leaf surface, 
congregated on leaves at or near the middle of the plant, though it was 
present at all levels. After the first alate of S. graminum had appeared, 
a rearing experiment was started in a well ventilated green house, the 
earliest nymph produced being used for propagation in successive 
generations. In these conditions, 10 –12 generations were obtained 
before wheat harvest.  
 Bale et al., (1987), reported that cold weather was potentially a 
major cause of mortality in overwintering holocyclic aphids, including 
S. graminum (Rond.). Temperature also had a determinant influence 
on the timing and size of spring migration. 
George et al., (1982), cited by Abdalla (1996), studied the biotic 
and abiotic factors influencing the wheat aphid population. Natural 
enemies were found to play an important role in controlling the green 
aphid populations. Climatic factors affect aphid number by increasing 
or reducing development and reproduction rates. These same factors 
also affected the predators and parasites of a given aphid species in 
much the same way. Whether or not an aphid population can reach 
economically damaging levels, then, depend on synchronization 
between the natural enemies and the pest.  
Darwish and Ali (1991) reported that infestation of maize in 
Upper Egypt with S. graminum (Rond.) and R. maidis (Fitch.) 
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occurred at the beginning of August. The commonest predators 
associated with aphids were Orius spp, C. undecimpunctata L., 
Scymnus spp., Chrysoperla vulgaris, and spiders. These predators 
comprised about 88% of the total natural enemies.      
2.3.4. The sorghum aphid, Melanaphis sacchari (Zhnt.) 
This aphid is also known as Aphis sorghi Theob., A. sacchari 
Zhnt., Longiunguis sacchari (Zehntner). Badawy (1968) reported that 
the level of damage caused by Aphis sorghi (Theob.) (=Melanaphis 
sacchari) on green leaves and heads ranged from 4 - 40 % in sorghum. 
Benigno and Vergara, (1977) showed that a virus causing red strip 
and/or mosaic in sorghum grown for seed in the Philippines, identified 
as a sugar–cane mosaic virus, was transmitted by Rhopalosiphum 
maidis (Fitch) and Melanaphis sacchari (Zhnt.). Varma et al., (1978) 
recorded that M. sacchari transmitted grassy shoot disease on sugar-
cane. Chou and Shing (1979) reported that Gibberella fujikuroi (Saw.) 
(=Fusarium moniliforme Sheld.) had been isolated from M. sacchari 
in China. Sharaf El-Din (1963) reported that Longiunguis sacchari 
(Zehntner) was the main pest of sorghum in the Sudan and it’s attack 
was directed towards the lower surfaces of the leaf and axils. Under 
heavy infestation all leaves are covered by honey-dew. Colonies are 
compact and it is rare to see an individual moving about on leaf. The 
general colour of these colonies is light brown, while early instars are 
slightly greenish. The insect appears early in September on dura and 
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continues till early May on Sudan grass at the river side where 
conditions seem to be more favourable. It continues to survive on 
some weeds until the next season where it resorts to sorghum. It’s host 
plants include:  
1. Sorghum sp.  2. Sorghum sudanense.  3. Eragrostis sp. 
And 4. Panicum repens.  
2.4 Functional Response: 
 Solomon (1949), defined a functional response as a change in 
the number of prey attacked in a fixed period of time by a single 
predator when the initial prey density is changed. The importance of 
functional response is that it is believed to contribute to prey 
regulation when the proportion of prey killed increases with prey 
density at a constant predator density (Holling, 1961, Murdoch, 1973, 
Lawton et al., 1975). The functional response may also result in an 
increased reproduction rate of the predator leading to a numerical 
response (Holling, 1966, Hassel, 1976). 
 Holling (1959a) divided functional response into three types:-  
Type i. In this type of response there is linear rise in the number of 
prey eaten by predator as density increases.  This is typical of filter 
feeders and other animals such as some Crustacaea. Prey intake, 
therefore, is proportional to prey density until the predator is satiated 
when it suddenly stops feeding. This can be expressed in the following 
equation: 
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NA = a’Ts N          when N < Nx       (1) 
NA = a’Tx Nx       when N > Nx        (2) 
Where: 
NA = Number of prey attacked per predator  
Ts = Searching time (constant) 
N = Number of prey available (density) 
a’= Rate of predator search (searching efficiency) 
Nx = Threshold prey density above which there is no further  
         feeding by the predator.  
Type ii. Is where the number of prey eaten per predator increases at a 
decreasing rate towards a maximum. This is typical of insect 
parasitoids and invertebrate predators (Holling, 1966). In this type of 
response, the handling time (TH) is considered (Holling, 1959a). The 
proportion of the total time spent in handling prey must increase as 
more prey are found. This leads to a reduction in time (TS) spent in 
search of prey as density increases or it must reduce the searching 
efficiency (a’). Thus, the interaction can be expressed as follows: 
                   Ts = 
A
H
T N
TT −    (3) 
 
Where: 
TT = Total time available.  TH = Handling time. 
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By substituting in equation (1), we have the functional response 
equation: 
NA = )N
TT('a
A
H
T −       (4)                                 
Or 
   N =  
NT'a1
NT'a
H
T
+      (5) 
This is the disc equation of Holling. The value of TH determines the 
maximum number of prey that can be attacked within TT, and a’ 
defines how rapidly the response rises to this level.    
By re-arranging equation (5), we get the linear equation: 
 
N
NA   = a’ TT – a’TH NA 
This equation enables a’ or TH to be estimated from the slope (a’TH) 
and intercept (a’TT). 
Rogers (1972) argues that the disc model does not incorporate 
exploitation based on random search and suggested the following 
“random predator” equation: 
  NA = N(1- e a (TT - NAb) 
Where: 
NA = Number of prey attacked  
N = Density of prey 
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a = Instantaneous rate of discovery.  
b =  Handling time. 
Type iii. Is where the response to increasing density is sigmoid. This 
is thought to result from learning in vertebrate predators especially 
birds and animals. At high density of prey, the number of attackes 
may decrease due to factors including the effect of defense by prey 
when their numbers increase.  
There is some evidence, however, that the sigmoid response 
may be common among arthropod predators and parasites and not 
confined to vertebrates only. Hassel et al., (1977), show some 
examples to support this argument and suggest  a model for the 
sigmoid functional response as follows: 
 a’ = 
CN1
bN
+  
Here, a’ varies in response to prey density in the same way prey 
consumption varies with prey density in type ii functional response.   
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3. MATERIALS AND METHODS 
3.1 Field studies 
The original plan for a field survey covering the three main 
areas of Khartoum State was altered due to lack of facilities and 
difficulty of reaching the areas of Seleit and Gamoeya. Hence, field 
studies were mainly confined to Shambat area. 
Surveys were conducted at the Demonstration Farm of the 
Faculty of Agriculture, University of Khartoum at Shambat. Four 
crops were grown: two crops during the summer season namely 
cotton, variety Barakat 90 (Gossympium barbadense) and variety 
Acala 67 (G. hirsutum) (F.A.O., 1994), and Sorghum (Abu Sabein), 
Sorghum bicolor L. Moench var. Aliab; the two winter crops were: 
Berseem (Alfalfa) Medicago sativa L. var. Hegazy, and wheat, 
Triticum aestivum L. varieties Condor, Debera and Nelein. 
Surveys were carried out weekly and records of coccinellid 
predators and aphid pests were made. 
Generally, direct counting method was adopted to avoid 
disturbing the predators' immature stages on crops. 
Cotton and sorghum were sown on 29 July and 2 August, 1999 
respectively for the first season and on 19 and 20 July, 2000 
respectively for the second season, whereas berseem and wheat were 
sown on 1/12/1999 for the first season. Wheat was sown on 
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21/11/2000 for the second season. Berseem (Perennial) was 
maintained in the field as sown during the first season. All cultural 
practices for above crops were followed. The field for sorghum 
experiment was divided into 6 equal units. As the sorghum was one 
variety (Aliab), randomization was not necessary (Fig. 1). Cotton 
(Plate 1) and wheat were sown in a randomized complete block design 
(Figs. 2 and 3). Berseem (Plate 2) was sown on “Mustabas” in a total 
area of 15 x 45 meters divided into 8 strata. Each stratum comprised 3 
Mustabas (Fig. 4). From each Mustaba, 3 stems were selected 
randomly for aphid counts and 3 square metres for predators count. A 
total of 72 stems and 72 m2 for aphids and predators count 
respectively. Sorghum was sown in a total area of 35 x 25 metres. 
Counting of predators and aphids on sorghum was made by walking 
diagonally across the field and also along the field peripheries. A total 
of 60 sorghum plants were sampled during weekly counts. For cotton, 
four replicates were made for each variety. Five plants were randomly 
selected from each plot. Five leaves from each plant were chosen from 
upper, middle and lower parts for coccinellid predators and aphid 
pests counts. A total of 40 cotton plants (200 leaves) were sampled 
weekly. For wheat, each variety was replicated 6 times. Each plot 
measured 6 x 4 meters. Five plants and five stems were selected 
weekly for predators and aphid counts respectively; a total of 90 
plants and 90 stems for weekly predators and aphid counts 
respectively. 
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Fig. 1. Layout of sorghum trial field, Faculty of Agriculture 
Demonstration Farm – Shambat.  
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Fig. 2. Layout of cotton trial field, Faculty of Agriculture 
Demonstration Farm – Shambat.  
A = Acala 67 
B = Barakat 90 
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Fig. 3. Layout of wheat trial field, Faculty of Agriculture 
Demonstration Farm – Shambat.  
C = Condor  
D = Debera  
N = Nelein  
4 m  
N 
6 m 
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Fig. 4. Layout of Berseem trial field, Faculty of Agriculture 
Demonstration Farm – Shambat.  
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(1) 
(2) 
Plate 1: Cotton:  
(1) Var. Barakat 90 
(2) Var. Acala 67 
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Plate 2: Berseem (var. Hegazy)  
 60
Surveys were also carried out on other crops. 
1. On two adjacent fields of eggplant located on the 
east and west of Bahri Bridge on the side facing 
Khartoum. One field (east of the bridge) was 
being sprayed, whereas the other (west of the 
bridge) received no pesticide sprays. Weekly 
records of predators and aphid counts were made 
to compare the effect of chemical spray on the 
incidence of both predators and aphid pests. 
2. On a maize field at the Faculty Demonstration 
Farm, Shambat, a five-week survey was carried 
out on late stage plants and records of predators 
were made. 
3.2 Laboratory Studies 
3.2.1 Stockculture 
Only the 13-spotted ladybird coccinellid, Hippodamia 
variegata Goeze was used for laboratory studies. Enough pupae of the 
beetle were collected from berseem, wheat and sorghum fields. These 
pupae were kept in petri-dishes. The emerged adults were paired and 
kept in oviposition cages (Kilner jars) closed by cover consisted of 
wire mesh to allow aeration (Plate 3 cages a and b). For aphids only 
stock culture of the wheat aphid, Schizaphis graminum (Rond.) was 
necessary, especially towards the end of the winter season (mid-March 
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to early April). Potted wheat plants were inoculated with Schizaphis  
and placed under rearing cages measuring  
 
b) 
a) 
Plate 3: Cages (a and b) for breeding of  
Hippodamia variegata Goeze 
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55 × 55 × 55 cm (Plate 4), and were kept in the nursery at the Dept. of 
Crop Protection, Faculty of Agriculture, University of Khartoum for 
the period of the study. 
3.2.2. Feeding preferences 
In these experiments, different species of aphids were offered 
as food for H. variegata. The aphid species were: Aphis craccivora 
Koch, Aphis gossypii Glover, Schizaphis graminum, Melanaphis 
sacchari and Aphis nerii. These aphids were offered to the beetle 
either single or paired (two species). Also, three to four species of 
aphids were offered at a time. The aim of these experiments was to see 
whether the beetle would prefer any of the aphid species over the 
other(s). 
Nine cm. diameter × 1 cm deep petri-dish was used in the 
feeding experiments (Plate 5). Moistened blotting paper was placed at 
the bottom of each petri-dish to preserve moisture and aphid prey was 
added at known number. A nylon mesh was placed under the dish 
cover to prevent aphids from escaping. This also allowed beetles to 
easily have access to all parts of the petri-dish. Blotting papers were 
replaced whenever necessary. Different densities of the 4th instar 
nymphs were used but equal numbers of aphid were provided to the 
beetle. Three to four replicates were made in feeding experiments. 
Coccinellid beetles and aphids were left in the petri-dishes for 24 
hours after which number of aphids eaten was recorded. Quantities of 
aphids consumed by the beetle were assessed according to the method 
described by Kaddou (1960). 
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Plate 4: Cage for stock culture of aphids and  
Hippodamia variegata Goeze 
 64
Plate 5: Petri-dish covered with muslin used  
in feeding preference tests  
Nylon mesh 
under cover 
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3.2.3 Feeding rates 
These experiments were conducted in petri-dishes as described 
above. Each individual coccinellid larva or female adult was kept in a 
separate petri-dish and provided with equal number of aphids (4th 
instar nymph). After 24 hours, records of the killed aphids were taken. 
3.2.4 Effect of aphid species on fecundity of predator 
The fecundity of newly emerged adults was examined for a 
period of 10 days while feeding on different aphid species. Four sets 
of adult pairs (four pairs in each set) were kept in an oviposition cage. 
Each set was fed one of the following aphid species: A. craccivora, M. 
sacchari, A. gossypii and Schizaphis graminum. 
3.2.5 Effect of aphid species on development 
Various sets of newly hatched larvae of the predator were 
reared each set on one of above four aphid species. The developmental 
period and mortality rate were assessed. 
3.2.6 Longevity of adult deprived of food 
Ten adults of 5-day emergence were caged each separately and 
deprived of food. Records of their longevity were taken. 
3.2.7 Cannibalism  
Ten 4th instar larvae and ten adult females of H. variegata 
were placed each in a petri-dish after having been deprived of food for 
24 hours. Twenty five eggs of H. variegata were added to each petri-
dish containing the larva or the female. After 24 hours, the number of 
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eggs eaten were recorded. The proportion of cannibalized eggs were 
computed accordingly. 
3.2.8. Life Tables 
Two hundred eggs of H. variegata were placed on a moistened 
blotting paper in petri-dishes. The petri-dishes were checked daily to 
determine the incubation period and percent hatchability of the eggs. 
Ten newly hatched larvae were reared individually on Melanaphis 
sacchari in petri-dishes to determine the number and duration of the 
larval instars, their survival and mortality rates. The rest of the larvae 
were reared in groups in petri-dishes. Adults resulting from 
individually or mass reared larvae were sexed after emergence. Ten 
pairs of equal age were kept each pair in a cage for fecundity and 
longevity observations. The data obtained on cohorts of eggs, larvae 
and adults were used to calculate the life tables parameters according 
to the method described by Birch (1953) and Andrewarth and Birch 
(1954). 
Life tables for the two generations of the predator (H. 
variegata) were constructed by determining and recording for each 
age interval: (1) the fraction of the initial sample of individuals still 
alive (Lx) (2) the mean number of progeny produced by the adult 
females alive at such age intervals (Mx) 
In each individual table, the first column gives the age (x) of 
the sample in days from birth. The second column shows the number 
of living females. The third column indicates the total number of eggs 
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laid by the living females. The fourth column gives the mean number 
of eggs produced by the living females. The fifth column provides the 
mean number (Mx) of female progeny produced per day per female 
still alive at age x. The sixth column lists the fraction (Lx) of the initial 
sample still alive at the end of each age interval x. 
For each such life table, the following statistics are computed: 
Ro = The net reproductive rate for the species, measured as 
females per female per generation, and which is the sum of the 
products LxMx computed for each age interval in the table. 
T = The weighed generation time for the species, which is the 
sum of the products XLxMx, divided by the net reproductive rate (Ro),  
i.e.  T = 
Ro
MXL xx
 
rm = The innate capacity for increase, measured as females per 
female per unit of time, and calculated by: 
rm  = 
T
RologNatural  
DT = The doubling time, and calculated by  
DT = 
rm
2logAntiNatural  
The fecundity data listed in Mx columns of the fecundity life 
tables are based on female progeny only. For the coccinellids, the ratio 
was found to be 1:1, so, the Mx columns represented only the female 
producing eggs, i.e. total eggs divided by two. 
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4. RESULTS 
4.1 Field Studies 
4.1.1 Field surveys 
4.1.1.1 Predators encountered and associated plants and insect 
pests 
Preliminary field surveys were conducted starting from late 
January, 1999. As the season (winter time) was virtually over, the 
survey was meant to have a rough idea of the type of predators 
associated with different crops. The crops included in these surveys 
were: Berseem (Alfalfa) Medicago sativa L.; Sweet melon, Cucumis 
melo L.; Eggplant, Solanum melongena L.; Broadbean, Vicia faba L.; 
Sorghum (Abu Sabein) Sorghum bicolor L.; Okra, Ablemoscus  
esculentus L. etc. The areas covered in these preliminary surveys were 
Seleit (Sharg El-Neel), University Top Farm, Faculty of Agriculture 
Demonstration Farm, Sudan University Agricultural Trial Field, Food 
Research Centre Trial Field and farmers fields along the Nile Bank at 
Shambat area. Later on, more specific surveys (field monitoring) were 
mainly confined to Shambat area due to lack of facilities as mentioned 
earlier. These specific surveys were carried out starting from early 
August, 1999 until the end of the first season (July, 1999-March, 
2000) and then were repeated for the second season (July, 2000–
March 2001). The crops included in these field monitoring were 
cotton, variety Barakat 90 (Gossypium barbadense L.) and variety 
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Acala 67 (G. hirsutum Linn.); Sorghum (Abu-Sabein) Sorghum 
bicolor L.; Maize, Zea mays L.; Berseem (alfalfa) Medicago sativa L.; 
Wheat, Triticum aestivum L. varieties Condor, Debera and Nelein and 
Eggplant, Solanum melongena L. 
In both preliminary surveys and field monitoring, the 
incidence of predators, pests attacked and crops harbouring them was 
observed. The following are the lists of predators (List A) encountered 
and (List B) showing crops and associated pests and predators 
together during the surveys: 
List (A) predators encountered: 
Family: Syrphidae 
? Xanthogramma aegyptium (Wied) 
     (Hover flies larvae) 
Family: Chrysopidae 
? Chrysoperla carnea (Steph.)(green lacewings) 
Family: Coccinellidae 
? Cheilomenes propinqua vicina (Muls.)(= Cydonia 
vicina) plate 6. 
    (Ladybird beetle) 
Hippodamia variegata (= Adonia variegata) Goeze.  
Plate 7 (a and b)   (13-spotted lady bird beetle)      
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Plate 6: Adult Cheilomenes propinqua vicina Muls.  
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? 
 
 
     Plate 7:   (a) Adult of Hippodamia variegata Goeze 
                      (b) Two forms of Hippodamia variegata Goeze  
(note one of the front spots is enlarged – sometimes  
  the three front spots are fused) 
a) 
b) 
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? Coccinella undecimpunctata L.  
      (11-spotted ladybirdbeetle)    
? Coccinella septempunctata L.  
         (7- spotted lady bird beetle) 
? (9-spotted lady bird beetle) 
? Scymnus spp. Plate 8 
? Cheilocorus nigritus (Fab.) 
? Cheilomenes sulphurea (Oliv.) 
Family: Nabidae     (Damsel bugs) 
Family: Reduviidae 
? Phonoctonus principalis    (Assassin 
bugs) 
 * Spiders 
List (B) showing crops and wild plants with associated pests  and 
predators: 
Plants Pests Predators 
1. Cotton Aphis gossypii Glover  Hippodamia variegata 
 Bemisia tabaci (Genn.) Cydonia vicina 
 Jacobiasca lybica  
[=Empoasca lybica (De Berg.)] 
Scymnus sp. 
 Thrips tabaci (Lind.)  Chrysoperla carnea (Steph.)  
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  Xanthogramma aegyptium Wied. 
*: Non-insect predator  
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Plate 8: Larva of Scymnus sp. feeding on Aphis gossypii 
Glover  
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  Spiders 
2. Berseem 
(Alfalfa)  Aphis craccivora Hippodamia variegata 
  Cydonia vicina 
  Coccinella undecimpunctata 
3. Wheat Schizaphis graminum Hippodamia variegata 
  Cydonia vicinia 
  Xanthogramma aegyptium 
  Chrysoperla carnea 
4. 
Sorghum 
Melanaphis sacchari 
Plate 9 
Cydonia vicina 
 Aleurotulus sp. Hippodamia variegata 
  Scymnus sp. 
  Chrysoperla carnea 
  Xanthogramma aegyptium 
  Spiders 
5. Maize Aleurotulus sp. Hippodamia variegata 
  Cydonia vicina 
  Coccinella undecimpunctata 
  Scymnus sp. 
  Chrysoperla carnea 
6. Okra Aphis gossypii Hippodamia variegata 
 Jacobiasca lybica 
[=Empoasca lybica (De Berg.)] 
Cydonia vicina 
 Bemisia tabaci Chrysoperla carnea 
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Plate 9: Sorghum aphid, Melanaphis sacchari (Zhnt.) on 
sorghum leaf  
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7. Eggplant 
Aphis gossypii  
Plate 10 
Hippodamia variegata 
 Jacobiasca lybica 
[=Empoasca lybica (De Berg.)] Scymnus sp. 
 Bemisia tabaci Cydonia vicina 
8. Squash Aphis gossypii Hippodamia variegata 
 Jacobiasca lybica 
[=Empoasca lybica (De Berg.)] Scymnus sp. 
 Bemisia tabaci Cydonia vicina 
9. Usher Aphis nerii 
Plate 11 
Scymnus sp. 
  Hippodamia variegata 
10. Liweis Aphis nerii Scymnus sp. 
4.1.1.2 Incidence and population build-up of aphids and their 
natural enemies (coccinellids) on experimental crop plants 
The population build-up of the aphids and their natural enemies, 
the coccinellid predators, on the various crops grown (sorghum, 
cotton, berseem and wheat) were monitored during the two study 
seasons (July, 1999/March, 2000 and July, 2000/March, 2001). 
4.1.1.2.1. Sorghum and cotton  
Sorghum was sown on 2/8/1999 for the first season and on 
20/7/2000 for the second season. Monitoring started from 2/9/1999 to 
26/10/1999 for the first season and from 30/8/2000 to 19/10/2000 for 
the second season. On the other hand, cotton was sown on 29/7/1999 
for the first season and on 19/7/2000 for the second season. 
Monitoring in the cotton field started from 20/9/1999 to 22/11/1999 
for the first season and from 27/8/2000 to 29/10/2000 for the second 
season. 
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Plate 10: Cotton aphid, Aphis gossypii Glover on  
egg plant leaf  
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Plate 11: Aphis nerii (Boy.) on Usher fruit  
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 As it is clear here that sorghum and cotton were monitored only 
during autumn (summer time) there was no incidence of aphids (a 
cool season pest) due to unfavourable climatic conditions for that 
insect within that period. However, predators were found to be feeding 
on other small insects such as whitefly (Bemisia tabaci Genn.), jassids 
(Jacobiasca lybica) and (Thrips spp.). More of these small insects 
were common on both crops and therefore more coccinellids confined 
their appearance on them. Other predators recorded on sorghum 
besides coccinellids were spiders and the lacewings (Chrysoperla 
carnia Steph.) Tables (1, 2) and Figs 5, 6, 7 and 8 show that the most 
prevalent coccinellid species found on sorghum during the two study 
seasons were: Cydonia vicina  (Muls.) which made up 54.2% and 
56.4% of coccinellid predators during the first and the second study 
seasons respectively, whereas it constituted 52.2% and 50.9% of all 
predators combined for the first and the second season respectively. 
Cydonia vicina counts were higher at the start of the season and more 
of them were observed in the first season than in the second one (Fig. 
5). Scymnus sp. represented 34.5% and 41.6% of coccinellids and 
33.2% and 37.5% of all predators; Cheilocorus nigritus (Fab.) 
constituted only 8.9% and 0.99% of coccinellid predators and 8.6% - 
0.89% of all predators; Hippodamia variegata Goeze made up 2.4% 
and 0.99% of coccinellids and 2.3% - 0.89% of all predators. The 
sequence of figures above is as for Cydonia vicina given as 
percentages of coccinellid predators and of all predators respectively. 
 81
The incidence of Cydonia vicina (Muls.) and Scymnus sp. on 
sorghum followed the typical fluctuating pattern. The peaks for 
Cydonia vicina occurred in week 1 and week 3 for the first season and 
only in week 3 in the second season (Fig. 5). For Scymnus spp., the 
peak period occurred during the 4th, 5th and 6th weeks in the first 
season. In the second season, a single peak was observed for Scymnus 
spp. in week 3 (Fig. 6). Hippodamia variegata Goeze was recorded 
only in the third and the first weeks during the first and the second 
season respectively, occurring in relatively low numbers (Tables 1 and 
2). Cheilocorus nigritus (Fab.) occurred mainly in good numbers 
during the first season and in negligible numbers in the second season 
(Table 1 and Fig. 7). Immature coccinellids, larvae and pupae, were 
recorded during week 4 and week 5 in the first season only. Records 
of immature stages were generally scanty indicating little tendency 
towards reproduction by coccinellids during summer period. 
As for cotton crop, both varieties taken together in relation to 
the relative occurrence of the various predators, generally, as in 
sorghum, there were more predators during the first season compared 
to the second season. The most prevalent predators on cotton during 
the first season were Scymnus spp. and Cydonia vicina (Muls.) 
Scymnus spp. constituted 57.5% of coccinellids and 51.7% of all 
predators combined  
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Table 1. Weekly counts of predators* per 60 Sorghum plants during the first 
study Season (1999) 
Week no. 
Cydonia 
vicina 
Scymnus 
spp. 
Cheilocorus 
nigritus 
Hippodamia 
variegata 
Coc. 
pupae 
Coc. 
larvae 
Chrysoperla 
carnea 
Spiders 
Sept.1 40 6 3 - - - - 7 
2 34 1 - - - - - 4 
3 39 16 12 9 - - - 2 
4 31 29 13 - - 9 1 1 
Oct.5 32 29 3 - 2 - - - 
6 14 25 3 - - - - - 
7 14 10 - - - - - - 
8 3 15 - - - - - - 
Total 206 131 34 9 2 9 1 14 
     
*Adults and Immature stages 
 
 
Table2. Weekly counts of predators* per 60 Sorghum plants during the second 
season (2000) 
Week no. 
Cydonia 
vicina 
Scymnus 
spp 
Cheilocorus 
nigritus 
Hippodamia 
variegata 
Spiders 
Aug.1 4 2 1 1 1 
Sept.2 5 5 - - - 
3 18 11 - - 2 
4 8 5 - - 2 
5 8 6 - - 2 
Oct.6 6 5 - - 2 
7 5 4 - - 1 
8 3 4 - - 1 
Total 57 42 1 1 11 
  *No presence of Immature stages. 
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together, whereas Cydonia vicina (Muls.) represented 39.0% of 
coccinellids and 35.1% of all predators together. H. variegata Goeze. 
recorded only 1.6% of coccinellids and 1.4% of all predators (Table3). 
Among non-coccinellid predators, spiders were the most 
prevalent group, scoring 60% of non-coccinellid predators and only 
6% of all predators (non-coccinellids here include: Syrphids, 
Lacewings and Spiders). Chrysoperla carnea Steph. constituted 
28.6% of non-coccinellid predators and 2.9% of all predators 
combined, whereas syrphid larvae made up 11.4% of non-coccinellids 
and only 1.1% of all predators. For the second season on cotton, only 
two groups of predators were observed, namely Cydonia vicina and 
spiders (Table 4). The most prevalent of the two groups were spiders 
(they recorded 100% of non coccinellid predators and 95.2% of the 
two groups combined). 
Again for cotton, considering the varieties separately, the 
general trend was that predators were found more on variety Barakat 
90 compared to variety Acala 67 (Table 5), but there were no 
significant differences between the two cotton varieties in the level of 
predators occurrence (Table 6). The first study season however, 
recorded more predators than the second season (Table 7). During 
Autumn (summer), there was no incidence of aphids on cotton. 
Predators were, however, found feeding on other small insects such as 
whiteflies, jassids  and  thrips. As  the   season  advanced,  there was a  
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Table 3.Weekly counts of predators per 40 cotton plants both varieties (200 
leaves) during  the first study season 1999 
Week 
no. 
Cydonia 
vicina 
Scymnus 
spp. 
Hippodamia 
variegata 
Coccinella 
undecimpunctata
Cheilocorus 
nigritus 
Chrysoperla 
carnea 
X. 
aegyptium
Spiders
Sept.1 0 0 0 0 0 1 4 5 
2 3 7 2 1 0 2 0 3 
Oct.3 1 10 0 0 0 3 0 3 
4 3 7 0 0 0 3 0 5 
5 20 24 1 0 0 0 0 2 
6 33 47 2 0 1 0 0 2 
Nov.7 24 39 0 0 1 0 0 1 
8 25 27 0 0 1 1 0 1 
9 14 20 0 0 2 1 0 4 
Total 123 181 5 1 5 10 4 21 
 
X = Xanthogramma  
 
Table 4. Weekly counts of predators per 40 cotton plants both varieties (200 
leaves) during the second study season (2000)* 
Week no. Cydonia vicina Spiders 
Aug.1 0 3 
Sept.2 1 7 
3 0 4 
4 0 1 
5 0 1 
Oct.6 0 2 
7 0 0 
8 0 1 
9 0 0 
10 0 1 
Total 1 20 
 
* Various reasons accounted for non-occurrence of other predator species 
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Table 5. Weekly counts of all predators in the cotton field (both 
varieties) for the first season (1999) and the second season 
(2000). 
Season 1 Season 2 
Week  
no. month 
Var. 
Acala67 
Var. 
Barakat90 
month 
Var. 
Acala67 
Var. 
Barakat90 
1 1 5 Aug. 1 3 
2 
Sept. 
10 13 3 4 
3 4 9 3 2 
4 5 13 1 0 
5 13 35 
Sept. 
0 1 
6 
Oct. 
37 46 1 1 
7 30 35 0 0 
8 17 28 0 1 
9 12 30 0 0 
Total 
Nov. 
129 224 
Oct. 
9 12 
 
 
Table 6. Weekly mean count of all predators in the cotton field during 
the first study season (1999) for the variety Barakat90* and 
the variety Acala 67** 
Week no Barakat 90 Acala 67 LSD S.E C.V 
Sept.1 1.37 0.84 0.80 0.13 33.82 
2 1.81 1.56 2.15 0.91 56.56 
Oct.3 1.61 1.22 0.71 0.10 22.79 
4 1.91 1.31 0.58 0.07 15.89 
5 2.98 1.82 1.06 0.22 19.61 
6 3.36 3.10 2.13 0.91 29.26 
Nov.7 0.84 0.84 0.67 0.09 35.73 
8 3.11 2.14 0.45 0.04 7.61 
9 2.77 1.85 0.77 0.12 14.85 
 
* Barakat 90 = Egyptian cotton  
** Acala 67 = American cotton 
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Table 7. Weekly mean count of all predators in the cotton field during 
the second study season (2000) for the variety Barakat90 and 
the variety Acala 67 
Week no Barakat 90 Acala 67 LSD S.E C.V 
Aug.1 1.06 0.84 0.97 0.18 45.45 
Sept.2 1.18 1.06 0.41 0.03 16.34 
3 0.97 1.11 0.79 0.12 34.00 
4 0.71 0.84 0.41 0.03 23.71 
5 0.71 0.71 0.00 0.00 0.00 
Oct.6 0.84 0.84 0.00 0.00 0.00 
7 0.71 0.71 0.00 0.00 0.00 
8 0.84 0.71 0.41 0.03 23.71 
9 0.71 0.71 0.00 0.00 0.00 
 
Table 8. Weekly mean count of coccinellid predators in the cotton 
field during the first study season (1999) for the variety 
Barakat90 and the variety Acala 67 
 
Week no Barakat 90 Acala 67 LSD S.E C.V 
Sept.1 0.71 0.71 0.00 0.00 0.00 
2 1.60 1.13 1.74 0.61 56.71 
Oct.3 1.31 0.97 0.39 0.03 15.14 
4 1.54 0.97 0.96 0.18 33.98 
5 2.94 1.76 1.05 0.21 19.77 
6 3.24 3.10 2.17 0.93 30.36 
Nov.7 2.89 2.76 1.22 0.29 19.21 
8 3.02 2.09 0.47 0.04 8.18 
9 2.44 1.76 0.93 0.17 19.63 
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marked build-up (peak time) starting from week 5 up to week 9 in the 
first season. The drop in week 7 is expected as naturally a peak in 
natural enemies is usually followed by a drop, because of mortality in 
prey population (Fig. 9). More predators were obvious on Barakat 90, 
whereas during the second season, the highest build-up (peak time) 
was recorded in the first 3 weeks (Fig. 10). 
Coccinellid predators dominated throughout the observation 
period with peak during the week 5 up to 9 inclusive in the first study 
season (Table 8 and Fig. 11). During the second season, peak time 
occurred in week 2 and week 3, both on variety Barakat 90 (Table 9 
and Fig. 12). 
For non-coccinellid predators, although their presence was 
low, they however, showed peak time during the weeks 1, 2, 3, 4, 6, 
and 9 (Table 10 and Fig. 13) in the first season. During the second 
season (Table 11 and Fig. 14) peak occurrence for non-coccinellid 
predators was observed in week 1, 2 and 3. 
4.1.1.2.2. Wheat 
Wheat crop was sown on 1/12/1999 and 21/11/2000 for the 
first and the second seasons respectively. Field monitoring for the first 
season was carried out starting from 3/1/2000 to 7/3/2000, and from 
17/12/2000 to 18/2/2001 for the second season. 
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Table 9. Weekly mean count of coccinellid predators in the cotton 
field during the second study season (2000) for the variety 
Barakat90 and the variety Acala 67 
 
Week no Barakat 90 Acala 67 LSD S.E C.V 
Aug.1 071 0.71 0.00 0.00 0.00 
Sept.2 0.84 0.71 0.41 0.03 23.71 
3 0.84 0.71 0.41 0.03 23.71 
4 0.71 0.71 0.00 0.00 0.00 
5 0.71 0.71 0.00 0.00 0.00 
Oct.6 0.71 0.71 0.00 0.00 0.00 
7 0.71 0.71 0.00 0.00 0.00 
8 0.71 0.71 0.00 0.00 0.00 
9 0.71 0.71 0.00 0.00 0.00 
 
 
Table 10. Weekly mean count of non-coccinellid predators in the 
cotton field during the first season (1999) for the variety 
Barakat90 and the variety Acala 67 
 
Week no Barakat 90 Acala 67 LSD S.E C.V 
Sept.1 1.27 0.84 0.80 0.13 33.82 
2 1.06 1.32 0.88 0.15 32.97 
Oct.3 1.14 0.97 0.93 0.17 39.31 
4 1.31 1.11 0.41 0.03 15.31 
5 0.84 0.84 0.00 0.00 0.00 
6 1.11 0.71 0.41 0.03 20.31 
Nov.7 0.84 0.84 0.67 0.09 35.73 
8 0.97 0.84 0.41 0.03 20.31 
9 1.49 0.84 0.41 0.03 15.84 
 
 95
 
 
 
 
 
 
Table 11. Weekly mean count of non-coccinellid predators in the 
cotton field during the second season (2000) for the variety 
Barakat90 and the variety Acala 67 
 
Week no Barakat 90 Acala 67 LSD S.E C.V 
Aug.1 1.06 0.84 0.97 0.18 45.45 
Sept.2 1.18 1.06 0.41 0.03 16.34 
3 0.97 1.11 0.79 0.12 34.00 
4 0.71 0.84 0.41 0.03 23.71 
5 0.84 0.71 0.41 0.03 23.71 
Oct.6 0.84 0.84 0.00 0.00 0.00 
7 0.71 0.71 0.00 0.00 0.00 
8 0.84 0.71 0.41 0.03 23.71 
9 0.71 0.71 0.00 0.00 0.00 
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 Of all predators, the most prevalent coccinellid species on 
wheat during the first season was H. variegata (83.3% of coccinellid 
adults and 72.9% of all predators combined – Table 12), followed by 
Cydonia vicina (15.7% of coccinellid adults and 13.8% of all 
predators). Coccinella undecimpunctata constituted only 0.9% of 
coccinellids and 0.8% of all predators combined). The most prevalent 
non- coccinellid predators were the syrphid larvae (64.5% of non- 
coccinellids and 8.1% of all predators), followed by Chrysoperla 
carnea (35.5% of non- coccinellids and 4.5% of all predators). The 
same trend of relative predators occurrence was repeated during the 
second season. However, the numbers of Chrysoperla carnea was 
high compared to syrphid larvae during the second season (Table 13). 
Percent occurrence of different predator species during the second 
season was as follows: Hippodamia variegata made up 78.3% and 
54.4% of coccinellid adults and all predators combined respectively 
(Table 13); Cydonia vicina scored 18.98% of coccinellids and 13.18% 
of all predators; Coccinella undecimpunctata constituted 2.1 of 
coccinellids and 1.5% of all predators and Coccinella 9-punctata 
recorded 0.6% of coccinellids and 0.4% of all predators combined. On 
the other hand, Chrysoperla carnea made up 78.8% of non- 
coccinellids and 24.1% of all predators, whereas syrphid larvae 
constituted 21.1% of non coccinellids and 6.5% of all predators 
combined. 
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Aphids, Schizaphis graminum (Rond.) were first recorded in wheat 
field as from 3/1/2000 up to 7/3/2000 for the first season and from 
17/12/2000 to 18/2/2001 for the second season. The incidence of 
aphids on wheat was associated with the cooler months of the year 
(mid-December to early March). The population build-up of the 
aphids, Schizaphis graminum on wheat was clearly checked by the 
effect of predators. The gradual build-up of predators population 
during the first season reached a peak in week 8 (Table 14 and Fig. 
15). This was followed by a drop in the aphid population (Fig. 19). 
The trend of increase in predators population followed by a decrease 
in aphid population was repeated in both study seasons (Tables 14, 15, 
16 and 17 and Figs. 15, 16, 17 and 18). However, coccinellid 
predators were more important in the control of Schizaphis graminum 
populations (Figs. 17 and 18 showing coccinellid predators trend and 
Figs. 19 and 20 showing aphid trend). 
Aphid peak infestation during the first season was in week 5 
(Table 18 and Fig. 19), then followed by a gradual decline in aphid 
numbers until the end of the season. For the second season, the highest 
number of aphid was recorded in week 4 (7/1/2000) (Table 19 and 
Fig. 20). Again, there was a gradual drop in aphid population till the 
end of the season. 
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Table 14.Weekly mean counts of all predators in wheat field during 
the first season (1999/2000) for varieties Condor, Debera 
and Nelein 
 
Week 
no 
Var. 
Condor 
Var. 
Debera 
Var. 
Nelein 
LSD S.E C.V 
Jan.1 0.71 0.71 0.71 0.00 0.00 0.00 
2 0.79 0.79 0.71 0.23 0.03 23.67 
3 1.05 1.05 0.97 0.49 0.15 37.58 
4 1.45 1.26 1.44 0.69 0.29 38.55 
5 1.65 1.48 1.35 0.70 0.31 36.52 
Feb.6 1.37 1.12 1.22 0.48 0.14 30.51 
7 2.03 2.46 2.41 1.04 0.65 35.09 
8 2.66 3.25 2.66 1.42 1.22 38.59 
Mar.9 1.26 1.43 0.99 0.54 0.18 34.19 
10 0.79 0.97 0.94 0.28 0.05 23.88 
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Table 15.Weekly mean counts of all predators in wheat field during 
the second season (2000/2001) for varieties Condor, Debera 
and Nelein 
 
Week 
no 
Var. 
Conder 
Var. 
Debra 
Var. 
Nelein 
LSD S.E C.V 
Dec.1 0.71 0.71 0.71 0.00 0.00 0.00 
2 0.79 0.88 0.71 0.27 0.04 26.64 
3 0.97 1.11 0.88 0.48 0.14 39.27 
Jan.4 1.76 1.89 1.97 1.11 0.60 41.46 
5 2.04 2.10 2.16 0.67 0.27 24.62 
6 2.31 2.29 1.74 0.49 0.15 18.11 
7 2.78 2.73 2.24 1.19 0.86 35.92 
Feb.8 2.47 3.71 2.71 0.62 0.23 16.19 
9 1.84 2.50 1.51 0.79 0.37 31.32 
10 0.71 1.07 1.07 0.49 0.15 40.24 
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Table 16.Weekly mean counts of coccinellid predators in wheat field 
during the first season (1999/2000) for varieties Condor, 
Debera and Nelein 
 
Week 
no 
Var. 
Conder 
Var. 
Debra 
Var. 
Nelein 
LSD S.E C.V 
Jan.1 0.71 0.71 0.71 0.00 0.00 0.00 
2 0.79 0.79 0.71 0.23 0.03 23.67 
3 1.05 1.05 0.97 0.49 0.15 37.58 
4 1.45 1.26 1.44 0.69 0.29 38.55 
5 1.65 1.48 1.35 0.70 0.31 36.52 
Feb.6 1.22 0.94 1.14 0.61 0.22 42.35 
7 1.86 2.24 2.20 1.26 0.97 46.74 
8 2.66 3.23 2.67 1.40 1.19 38.24 
Mar.9 1.26 1.43 0.90 0.49 1.15 32.13 
10 0.79 0.97 0.94 0.28 0.05 23.88 
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Table 17. Weekly mean counts of coccinellid predators in wheat field 
during the second season (2000/2001) for varieties Condor, 
Debera and Nelein 
 
Week 
no 
Var. 
Conder 
Var. 
Debra 
Var. 
Nelein 
LSD S.E C.V 
Dec.1 0.71 0.71 0.71 0.00 0.00 0.00 
2 0.71 0.71 0.71 0.00 0.00 0.00 
3 0.97 0.85 0.88 0.38 0.09 32.99 
Jan.4 1.22 1.48 1.61 0.59 0.21 32.03 
5 1.82 1.85 1.87 0.58 0.20 24.43 
6 2.09 2.17 1.64 0.40 0.11 15.97 
7 2.75 2.63 2.21 1.09 0.72 33.65 
Feb.8 2.38 2.65 2.22 0.88 0.46 28.23 
9 1.66 1.97 1.37 0.61 0.22 28.24 
10 0.71 1.07 0.71 0.49 0.15 46.07 
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Table 18. Weekly mean counts of aphids (Schizaphis graminum Rond) 
in wheat field during the first season (1999/2000) for 
varieties Condor, Debera and Nelein 
 
Week 
no 
Var. 
Conder 
Var. 
Debra 
Var. 
Nelein 
LSD S.E C.V 
Jan.1 0.25 0.10 0.08 0.38 0.09 206.24 
2 0.86 0.95 0.31 0.44 0.12 48.21 
3 1.33 1.30 1.23 0.33 0.07 20.05 
4 1.73 1.82 1.71 0.13 0.01 5.80 
5 2.05 2.21 2.13 0.32 0.06 11.70 
Feb.6 2.05 2.16 2.01 0.21 0.02 7.42 
7 1.89 2.04 1.77 0.33 0.07 13.58 
8 1.62 1.86 1.59 0.35 0.07 16.03 
Mar.9 0.85 0.97 1.12 0.47 0.13 36.93 
10 0.81 0.67 0.41 0.35 0.07 42.95 
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Table 19. Weekly mean counts of aphids (Schizaphis graminum 
Rond.) in wheat field during the second season (1999/2000) 
for varieties Condor, Debera and Nelein 
 
Week 
no 
Var. 
Conder 
Var. 
Debra 
Var. 
Nelein 
LSD S.E C.V 
Dec.1 0.46 0.63 0.54 0.32 0.06 269.44 
2 0.46 0.63 0.54 0.57 0.21 81.66 
3 1.00 0.91 0.70 0.70 0.30 62.49 
Jan.4 2.00 2.15 2.00 0.27 0.04 10.29 
5 1.98 2.10 1.94 0.20 0.02 7.80 
6 1.75 1.95 1.61 0.41 0.10 17.92 
7 1.38 1.73 1.34 0.56 0.19 29.31 
Feb.8 0.35 0.93 0.72 0.77 0.36 89.74 
9 0.34 0.10 0.22 0.44 0.12 154.27 
10 0.46 0.67 0.44 0.71 0.30 104.79 
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 Records of coccinellid eggs in wheat field were made beginning 
from week 4 (24/1/2000) for the first season and from week 3 
(31/12/2000) for the second season (Tables 12 and 13). Maximum egg 
production was obtained in week 7 (Table 12 and Fig. 21) for the first 
season and in week 4 for the second season (Table 13 and Fig. 22). 
Generally, there were differences in the incidence of aphids 
and predators between the 3 wheat varieties. It was observed that the 
number of Chrysoperla carnea (Steph.) were high in the plots with 
dense plant population. 
4.1.1.2.3. Berseem  
Berseem (alfalfa) was sown on 1/12/1999 and maintained for 
the rest of the study period. Field monitoring started from 19/1/2000 
up to 20/3/2000 for the first season and from 6/1/2001 to 10/3/2001 
for the second season.  
In berseem fields, the most dominant predator for the two 
seasons was Hippodamia variegata Goeze, it constituted 92.0% of 
coccinellid predators and 83.6% of all predators combined during the 
first season and 91.3% of coccinellids and 87.0% of all predators 
during the second season respectively (Tables 20 and 21). Percent 
occurrence of the rest of predators was as follows: for the first season, 
Cydonia vicina Muls. (6.7%); syrphid larvae (6.04%); spiders (1.9%); 
Chrysoperla carnea (1.2%); Coccinella 9-punctata (0.35%) and 
Coccinella undecimpunctata L. (0.2%) and for the second season, 
Cydonia vicina (6.3%); syrphid larvae (2.8%); Coccinella 
undecimpunctata (1.26%)’ spiders  (1.18%)  and  Chrysoperla  carnea 
(0.73%)  Tables 20 and 21. Above figures indicating relative 
abundance of predators only refer to adult insects. 
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Fig. 23 shows the incidence of Aphis craccivora on berseem. During 
the first season, a fluctuation in the population build-up was clear and 
a maximum peak was reached in week 6. Then a marked drop 
followed. The same trend of fluctuating numbers as in the first season 
was reflected as well in the second season, with the highest peak 
occurring in week 7 and also an abrupt decline followed. The 
population of A. craccivora was checked by the joint action of all 
predators (Figs. 24, 25, 26, 27, and 28). More effect of control was 
mainly exerted by H. variegata, Cydonia vicina and coccinellid 
larvae. From the field observations, syrphid larvae and Chrysoperla 
carnea also had an effect in the control of A. craccivora in berseem 
fields. Both Coccinella undecimpunctata and Coccinella 9-punctata 
had a minor role in aphid control as their numbers were found to be 
very small in the field. The highest numbers recorded relate to H. 
variegata. The maximum eggs produced by coccinellid predators was 
recorded in week 6 during the first season and in week 7 during the 
second season (Table 20 & 21 and Fig. 28). 
Observations were made on some wild plants namely, Usher 
(Calotropis procera) and Liweis (Leptadenia heterophylla). It was 
found that some coccinellid predators including H. variegata could 
feed and breed on Usher plant (Usher plant is considered toxic and 
avoided by many predators). Both H. variegata and Scymnus spp. 
were regularly found on Usher plant. On the other hand, Scymnus spp. 
larvae were commonly seen feeding on Aphis nerii on Liweis plant. 
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4.1.2 Treated and untreated eggplant fields 
Two adjacent fields of eggplants (one receiving chemical 
spray and the other receiving no spray were monitored for six weeks 
from 14/10/2000 to 18/11/2000. Fig. (29) shows that the number of 
aphids (Aphis gossypii Glover) were higher in the treated field than in 
the untreated one, though at the start the numbers of aphids were 
lower in the treated field (Appendix Table 1). In the treated field, the 
aphid population reached a peak in week 2, then their numbers 
declined to a low level at week 3, then followed a gradual increase in 
population build-up to reach the maximum at week 6. In the untreated 
field, the aphid population followed a gradual decline after week 2 to 
reach the lowest level at week 5, then there was another rise in week 
6. 
Fig. (30) shows the incidence of predators in the two eggplant 
fields (treated and untreated). It indicates that the increased numbers 
of predators occurred in unsprayed field (Appendix Table 2). Syrphid 
larvae were the most dominant predators followed by Scymnus sp. 
then Cydonia vicina Muls., with H. variegata Goeze the least in the 
field. 
For the predators’ immature stages, sprayed field recorded 
higher numbers especially eggs (Appendix Table 3) and larvae (Figs. 
31, 32a and b). For pupae the highest peak was obtained in unsprayed 
field (Appendix Table 4). 
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4.1.3 Maize field survey 
A 5-week survey was conducted during the period from 
22/1/2001 to 19/2/2001 in a maize field at the Faculty Demonstration 
Farm, Shambat. There was no incidence of aphids in the field. 
However, records of predators were made. The most prevalent 
predator species found was H. variegata Goeze. Two peaks of this 
ladybird beetle were observed during the first week (22/1/2001) and 
the 4th week (12/2/2001). Cydonia vicina Muls. was the second 
dominant species but it’s numbers were far less compared with H. 
variegata. Coccinella undecimpunctata L., Scymnus spp. and 
Chrysoperla carena (Steph.) were very minor in the field (Fig. 33 and 
Appendix Table 5). 
4.2 Laboratory Studies 
 These studies on H. variegata Goeze. were carried out during 
January 2001 and March 2002. the temperature conditions ranged 
from 20ºC  to 34ºC and the relative humidity (RH) from 16-26%. 
4.2.1 Starvation test 
Ten females H. variegata of 5-days after emergence were 
placed each in a petri-dish. They were deprived of food for the 
following successive days to observe their longevity under starvation 
stress. 
The mean duration for starvation to death was found to be 17.4 
days for the female, range was between 7 to 25 days (Table 22). 
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Table 22. Longevity of Adults females of Hippodamia variegata 
Goeze. deprived of food. 
 
Duration 
(in days) 
Serial no. of 
female beetle 
8 1 
15 2 
20 3 
23 4 
7 5 
21 6 
23 7 
10 8 
25 9 
22 10 
174 Total 
17.4 Mean 
6.8 S.D ± 
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4.2.2 Cannibalism 
Ten 4th instar larvae and ten female of H. variegata Goeze 
were deprived of food for 24 hours and placed each in a petri-dish, 
then provided with 25 eggs. After 24 hours, records of consumed and 
unconsumed eggs were made. It was found that 94% of the eggs were 
eaten by adult females and 93.6% of the eggs were consumed by 4th 
instar larvae (Tables 23 and 24). Cannibalism among the larvae was 
also observed during hatching. The proportion of cannibalized eggs 
was found to be 5.5% and 11% for the first and the second generation, 
respectively. 
4.2.3 Prey Preference 
4.2.3.1 Mixed food experiments (4 species of aphids as food) 
The four species of aphids used in choice and no-choice tests 
were: the cow pea aphid, Aphis craccivora Koch.; the cotton aphid, 
Aphis gossypii Glover; the wheat aphid, Schizaphis graminum Rond. 
and the sorghum aphid, Melanaphis sacchari (Zhnt). These aphids 
were offered to H. variegata Goeze. in one petri-dish in equal 
numbers to see whether the beetle would prefer any of the aphids over 
the others. It was found that there was no clear choice made by the 
coccinellid to any of the aphid species, i.e. no statistical significant 
differences between the four aphid species. However, H. variegata 
killed the highest number of A. gossypii followed by S. graminum in 
the choice experiments, whereas it killed the highest numbers of A. 
craccivora followed by M. sacchari and A. gossypii in no-choice tests 
(Table 25 and Figs. 34, 35, 36 and 37). 
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Table 23. Proportion of cannibalized eggs by female Hippodamia 
variegata Goeze. under laboratory conditions (test period 
24 hrs.) 
 
No. of eggs after 24 hrs 
Not eaten eaten 
No. of eggs 
provided 
Serial no. of 
beetle 
4 21 25 1 
2 23 25 2 
0 25 25 3 
0 25 25 4 
1 24 25 5 
5 20 25 6 
0 25 25 7 
0 25 25 8 
0 25 25 9 
3 22 25 10 
15 235 250 Total 
 
 
Proportion of cannibalized eggs: 100
250
235 ×  = 94 %                
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Table 24. Proportion of cannibalized eggs by 4th instar larvae of 
Hippodamia variegata Goeze. under laboratory conditions 
(test period 24 hrs.) 
 
No. of eggs after 24 hrs 
Not eaten eaten 
No. of eggs 
provided 
Serial no. of 
beetle 
2 23 25 1 
5 20 25 2 
0 25 25 3 
0 25 25 4 
1 24 25 5 
3 22 25 6 
4 21 25 7 
0 25 25 8 
0 25 25 9 
1 24 25 10 
16 234 250 Total 
 
 
Proportion of cannibalized eggs: 100
250
234 ×  = 93.6 % 
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4.2.3.2 Mixed food experiments (3 species of aphids as food) 
The 3 aphid species used in these tests were Aphis nerii (Boy.), 
A. gossypii Glover and M. sacchari Zhnt. These three aphid species 
were offered in equal number to the beetle. The coccinellid 
Hippodania variegata Goeze was clearly found to less prefer A. nerii 
among the other two aphid species. It fed less on A. nerii in both 
choice and no-choice experiments. The beetle fed more on A. gossypii 
than on M. sacchari in the choice and no-choice tests. However, 
between day 2 and day 3, more M. sacchari were killed in no-choice 
test compared to number of A. gossypii in choice test (Table 26 and 
Fig. 38). 
4.2.3.3a. Mixed food experiments (2 species of aphids as food) 
The two aphid species used in this test were A. craccivora 
Koch. and M. sacchari. It was found that the beetle killed more M. 
sacchari in no-choice than in choice test. The same trend was 
observed for A. craccivora. In the choice test, there was clear 
differences in the percent aphids killed at P = 0.05 on day 3. However, 
in no-choice tests, there were significant differences in the numbers of 
aphids killed at both P–0.05 and P=0.01 on day 1 and day 3 (Table 27 
and Fig. 39). 
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Table 27. Percent aphids killed by Hippodamia variegata Goeze. in 
choice and no-choice experiments run for 4 days under 
laboratory conditions. 
 
Melanaphis sacchari Aphis craccivora 
No-choice chioce No-choice chioce 
           Species  
Days 
97.50 91.11 79.10 80.83 1 
86.11 65.84 84.52 66.52 2 
94.17 77.92 81.04 55.28 3 
86.38 81.94 73.41 85.98 4 
  
 
 
Table 28. Percent aphids killed by Hippodamia variegata Goeze. in 
choice and no-choice experiments run for 4 days under 
laboratory conditions. 
 
Schizaphis graminum  Aphis craccivora 
No-choice chioce No-choice chioce 
           Species  
Days 
91.88 86.53 74.58 76.81 1 
82.23 69.72 52.15 50.83 2 
92.49 76.81 70.21 67.94 3 
73.34 71.25 74.23 66.60 4 
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4.2.3.3b Mixed food experiments (2 species of aphids as food) 
The aphid species used in this experiment were A. craccivora 
Koch. and Schizaphis graminum (Rond.). Equal densities of each 
aphid species were offered to the beetle in one petri-dish. Table (28) 
and Fig. (40) show that the ladybird beetle clearly killed more S. 
graminum than A.craccivora Koch. Also, more Schizaphis graminum 
were killed in no-choice than in choice tests. The percent aphids killed 
in no-choice was higher in day 1 and day 3. For A. craccivora, the 
highest number killed was in day 1. There were no significant 
difference in the percent of aphids killed in the choice tests, whereas 
there were differences in no-choice experiment in day 1 and day 3. 
4.2.4 Feeding efficiency 
Feeding efficiency of female H. variegata Goeze was tested 
using two species of aphids (M. sacchari Zhnt. and A. gossypii 
Glover). Two groups of female ladybird beetles each consisted of 10 
individuals, each individual female was placed in a petri-dish after 
being starved for 24 hours. Eighty 4th instar nymphs of either M. 
sacchari or A. gossypii were provided to the beetle. After 24 hours, 
the number of aphids killed and units eaten were recorded. It was 
found that there were no differences in the numbers of aphids killed or 
units eaten between the two aphid species. However, the beetle ate 
slightly higher numbers and units of M. sacchari than A. gossypii. The 
number killed and the units eaten being 49 ± 6.0 and 125.7 ± 19.4 
respectively for M. sacchari, and 48.1 ± 7.13 and 124.9 ± 20.88 
respectively for A. gossypii (Table 29). 
 141
 142
 
Table 29. Feeding efficiency of female Hippodamia variegata Goeze 
fed on Melanaphis sacchari Zhnt. and Aphis gossypii 
Glover under laboratory condition. 
Aphis gossypii Melanaphis sacchari 
Unit* 
eaten 
No. 
killed 
Unit* 
eaten 
No. 
killed 
No.of 
aphids 
provided 
replicate 
124 53 136 48 80 1 
92 47 148 55 80 2 
88 39 120 39 80 3 
136 42 116 52 80 4 
140 51 100 46 80 5 
135 50 137 50 80 6 
132 48 92 41 80 7 
112 37 124 49 80 8 
144 54 132 51 80 9 
146 60 152 59 80 10 
1249 481 1257 490 
800 
3200 
units* 
Total 
124.9 48.1 125.7 49  Mean 
20.88 7.13 19.4 6.0  S.D 
39.0 60.13 39.3 61.3  % 
 
* one whole aphid consumed   = 4 units  
4
3  aphid consumed                 = 3 units      
2
1  aphid consumed                 = 2 units 
4
1  aphid consumed                 = 1 unit 
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4.2.5 Feeding rates 
Feeding rates of the 4th instar larvae and female of H. 
variegata Goeze were tested using two groups each consisted of 16 4th 
instar larvae and 16 female beetles. Varying densities of aphids (M. 
sacchari Zhnt.) were offered to the larvae and females (5, 10, 15 and 
20 4th instar aphids). After 24 hours, percent aphids killed by the 
larvae and females were recorded. It was found that the 4th instar 
larvae killed slightly more number of M. sacchari than did the female 
beetle. However, there were no significant differences in the number 
of aphids killed by the two stages of the beetle (Table 30). 
4.2.6 Effect of aphid species on fecundity of the beetle 
The fecundity of newly emerged adults H. variegata was 
examined for a period of 10 days while feeding on 4 different aphid 
species namely: A. craccivora Koch., A. gossypii, S. graminum Rond. 
and M. sacchari. Table (31) shows the results obtained. It was 
indicated that no single aphid species had a clear effect of increasing 
the fecundity of the beetle. However, the beetle produced slightly 
more eggs when fed on M. sacchari followed by S. graminum, A. 
craccivora and A. gossypii the least. Mean eggs per female were 409.3 
±  44.68 for M. sacchari 408.5 ± 44.25 for S. graminum, 400.3 ± 
45.00 for A. craccivora and 398.3 ± 45.73 for A. gossupii. 
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Table 30. Mean feeding rate of the 4th. in star larva and adult female 
of Hippodomia variegate Goeze fed on Melanaphis 
sacchari Zhnt. under laboratory condition. 
 
Percent killed 
Feeding 
period(hrs) 
No. tested 
Stage of the 
beetle 
91.0  ± 1.6 24 16 4th. Instar larva 
88.6  ± 1.7 24 16 Adult female 
 
 
 
Table 31. Mean fecundity of Hippodamia variegata Goeze reared on 
different aphids species under laboratory conditions. 
Mean eggs per 
female 
Total eggs 
laid 
Test period 
(days) 
No. tested 
predators  
Aphids species 
400.3 ± 45.00 1601 10 4 
Aphis 
craccivora 
398.3 ± 45.73 1593 10 4 
Aphis 
gossypii 
408.5 ± 44.25 1634 10 4 
Schizaphis 
graminum 
409.3 ± 44.68 1637 10 4 
Melanaphis 
sacchari 
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4.2.7 Immature stages 
Eggs of H. variegata Goeze are small and light yellow in 
colour and elongate in shape. They are usually laid in clusters ranging 
from 3 to 24 eggs per cluster (Plate 12). The mean incubation period 
was 3.0 days. 
Newly hatched larvae tend to remain clung to their egg shell 
for sometime before dispersing. The larvae often feed on the 
unhatched eggs and those hatching late in the cluster. There are four 
larval instars observed under laboratory conditions (Plates 13a, b, c 
and d). The duration of each of the developmental stages for two 
consecutive generations of H. variegata is shown in Table (32). 
Accordingly, the egg incubation period, the larval periods, the pupal 
period and the whole life cycle from egg to adult emergence were: 3. 
1.9, 1.7, 1.0, 1.9, 1.7, 3.6 and 14.6 and 3, 1.7, 1.6, 1.0, 1.8, 1.5, 3.4 and 
14.5 days for the first and the second generation respectively. 
4.2.8 Fecundity and longevity 
Adults of H. variegata copulated few hours after emergence. 
Copulation lasted for a long time and was more frequently repeated 
through the insect life. The pre-ovipostion periods of the two 
generations were 3 and 2.8 days, for the first and the second 
generation respectively. Egg laying continued and the maximum 
number of eggs laid by a female in a single day was 67 eggs recorded 
in the first generation. Fecundity was high in the first generation and 
reproduction decreased slightly in the second generation (Fig. 41 and 
Appendix Table 6). 
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Plate 12: Egg batch of Hippodamia variegata Goeze  
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4.2.9 Effect of aphid species on development 
Various sets of newly hatched larvae were reared each on one 
of the above four aphid species, to assess the developmental period 
and mortality rate of H. variegata Goeze. The results were obtained as 
in Table (33). Again, there were no differences in the period of 
development. However, mortality percentage was slightly different, 
being 20% when the beetle was reared on A. gossypii Glover and 10% 
when fed on both A. craccivora Koch. and M. sacchari, while it was 
0.0% when fed on Schizaphis graminum Rond. 
4.2.10 Survival rates 
Figure (42) shows the survival rate of the two mentioned 
generations of H. variegata reared on M. sacchari Zhnt. The percent 
egg hatchability in the first generation was slightly higher than that of 
the second generation. Mortality of the immature stages was relatively 
low (Appendix Table 7). All the newly emerged adults survived well 
for the first 3 weeks as shown by the horizontal curve (first 3 points), 
then there was a gradual decline in survivalship (high mortality) as 
indicated by both curves (rest of the points). Longevity of the adults in 
the second generation was shorter than that of the first generation (65 
days in the first generation and 58 days in the second generation). 
 Figure (43) indicates the accumulated mean number of eggs per 
female observed in the two generations reared under laboratory 
conditions. The highest accumulated number of eggs per female was 
in the first generation (Table 34). 
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Table 33. Developmental period and percent mortality of 
Hippodamia variegata Goeze reared on different 
aphid species under laboratory conditions. 
 
Percent 
mortality 
Period from egg 
to adult(days) 
No. tested 
predators  
Aphid species 
10.0 13.8 10 Aphis craccivora 
20.0 13.6 10 Aphis gossypii 
0.0 13.8 10 Schizaphis graminum 
10.0 13.3 10 Melanaphis sacchari 
 
Table 34. Accumulated mean eggs per female for two generations of 
Hippodamia variegata reared on Melanaphis sacchari 
Zhnt. under laboratory conditions. 
 
Mean eggs per female 
Generation 2 Generation 1 
Week No. 
27.6 32.3 1 
107.6 118.0 2 
114.1 87.9 3 
67.6 80.5 4 
40.5 63.6 5 
17.6 35.8 6 
8.0 20.3 7 
15.3 6.5 8 
1.5 15.3 9 
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4.2.11. Life table data analysis 
For the assessment of the biotic potentialities of H. variegate 
Goeze, the life table data of the two generations, under laboratory 
conditions were compiled (Appendix Tables 8 and 9). The age 
specific survival (Lx) (from egg to adult was a ratio out of one), the net 
reproductive (replacement) rate (Ro), the weighed generation time (T), 
the innate capacity for increase (rm) and the doubling time (DT) were 
calculated from these data. Table (35) summarizes the life table for 
each of the two generations reared on M. sacchari Zhnt. The trend of 
decreasing performance in the second generation indicated in Table 
(32) was again reflected in the life table analysis. The total survival 
rate of the adult was 0.26 and 0.23 for the first and the second 
generation respectively. Higher mortalities were obtained in the larval 
and pre-pupal stages. Details of Table (35) are found in Appendix 
Tables (8) and (9). Table (35) shows that the duration from egg to 
adult was 14.6 and 14.5 days for the first and the second generation 
respectively. The net reproductive rate (Ro), the sex ratio, the weighed 
generation time (T), the innate capacity for increase (rm), the doubling 
time (DT) and the finite rate of increase (λ) were 97.98 and 75.37, 
1.3:1 and 1.2:1, 33.65 and 31.55, 0.136 and 0.137, 5.07 and 5.04 and 
0.146 and 0.147 for the first and the second generation respectively.  
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Plate 14:    (a) Larva of Hippodamia variegata Goeze feeding  
                        on Aphis nerii (Boy.) on usher plant  
                   (b) H. variegata Goeze pupa on leaf of usher  
a) 
b) 
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CHAPTER FIVE 
DISCUSSION 
5.1 Field surveys 
 Many species of coccinellid and non-coccinellid predators were 
encountered during the surveys.These include: Hippodamia variegate 
Goeze, Cheilomenes propinqua vicina Muls., Scymnus sp, Coccinella 
undecimpunctata L. and Cheilocorus nigritus (Fab.) of non-coccinellid 
predators, the most prevalent species were spiders, Chrysoperla 
carnea (Steph.), nabid bugs and syrphid larvae (Xanthogramma 
aegyptium Weid). Of all the predators, H.variegata was the most 
abundant species, especially in berseem, wheat and maize. This 
species was also found on Usher plants feeding on Aphis nerii. It is 
worth noting that more than a decade ago, Coccinella 
undecimpunctata and Coccinella septempunctata L. were more 
abundant in Shambat area. However, present studies have indicated 
that, Hippodamia variegata has assumed the position of the most 
important predator on many crops at Shambat.This may be in 
conformity with the phenomenon of species succession which exists 
in any given environment or ecosystem. Hippodamia variegata 
dominance could be attributed to several reasons. For example, Pekin 
(1996) concluded that this species is among the predators adapted to 
extreme values of humidity. Adam (1979) also reported Hippodamia 
variegata to be among the predators that were initially affected by 
pesticides application but reacted positively quickly to the increase of 
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aphid number in berseem fields. It was also observed that some 
predatory species were mostly found more on specific crops than 
others.For example, C. vicina Muls. was dominantly found feeding on 
aphids (Melanaphis sacchari Zhnt.) infesting sorghum crop. The 
association of C. vicina with sorghum may be due to combination of 
biotic and abiotic factors. Above observations are in agreement with 
Iperti (1966) who reported that different predators show remarkable 
constancy in their selection of plant strata and consequently also of 
suitable microclimates where their food is secured. The association of 
a predator to certain insect species may indicate some degree of host 
preference i.e. a predator may prefer an insect prey feeding on plants 
containing certain chemical substances that make them attractive. 
Cydonia vicina counts were higher at the start of the season. 
This was so because at the beginning of the season, plants are lush and 
vigorous in growth and the plant sap content would be more suitable, 
whereas at the end of the season, plants tend to dry-up making leaves 
difficient of some nutrients. In general, the low occurrence of 
predators during the second season was due to less rains compared to 
the first season. Consequently, crop stand during the second season 
was less dense contrary to the first season. Furthermore, there was 
heavy chemical spray in an adjacent cotton trial field. The decrease in 
number of predators in week 2 after initial rise in week 1 may be 
attributed to effect of predation (Fig. 5). 
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Records of immature stages (predators) were scanty during the 
first season and no records at all made during the second season. The 
reasons behind that may be due to the fact that during summer (time 
of monitoring), weather conditions are not conducive enough, and also 
aphids and other prey insects are absent or available in insufficient 
numbers, and therefore, reproduction could hardly be promoted. 
Autumn period in the first season was relatively mild which allowed 
for only low level of reproduction, whereas in the second season, it 
was dry enough not to allow the process of reproduction. 
Cheilocorus nigritus (Fab.) was the 3rd. important coccinellid 
in sorghum field after Cydonia vicina Muls and scymnus sp. It’s 
numbers were far low compared to the two species. Indeed, 
Cheilocorus nigritus has never attained a status of importance in 
Shambat fields. Of non-coccinellid predators, spiders were the most 
important in sorghum followed by Chrysoperla carnea (Steph.). 
Spiders were recorded during the two seasons. However, C. carnea 
was observed in sorghum field only during the first season. This was 
so because, perhaps, sorghum field during the second season was 
heavily infested by weed (Boda), Striga hermonthica Benth*. 
Accordingly, crop stand was poor as plants were badly stunted. As 
chrysoperla carnea is mostly found in plants with good canopy 
(which was lacking during the second season), no records of this 
predator were obtained in that season. Add to that, the reasons stated 
earlier as far as the weather conditions are concerned. 
*: Broun and Massey (1929).
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For cotton crop, again there were, generally, more predators 
recorded in the field during the first season than the second season, for 
nearly the same reasons stated above in the case of sorghum crop. 
Scymnus sp. was not recorded in cotton during the second season. This 
indicates that Scymnus sp. may be very sensitive to changes in the set 
of conditions in the field (weather and crop stand). 
Temperature was found to be the most crucial factor in 
determining the density of aphids (A. gossypii Glover) on cotton. As 
monitoring was carried out during autumn, temperatures were 
unfavourable for the aphids to infest cotton. Accordingly, few 
Cydonia vicina Muls. were recorded on cotton. These results agree 
with Honek (1980) who reported that virtually no coccinellids were 
reported in fields not infested with aphids. 
H. variegata Goeze came in the 5th. position after Scymnus sp., 
C. vicina, spiders and C. carnea  (Steph.) in cotton field, though it 
kept up to be more dominant predator in many other crops. This may 
be due to the nature of cotton plants. 
Comparing the effect of crop variety in cotton field, variety 
Barakt 90 appeared to harbour more predators than Acala 67, though 
there were no clear differences between the two cotton varieties. The 
difference in the level of predators occurrence on the two varieties, 
however, may be due to presence or lack of hairs on plants. Acala 67 
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is hairy and this might have invited less insect predators than Barakat 
90, hence more insects were found on Barakat 90. 
Observations indicated that the rise of prey population 
prompted an increase in predator population, then followed by a drop 
in prey population. These fluctuations in numbers of both predators 
and prey on cotton plants reflect a typical situation to the theoretical 
model of Host-Natural enemy interactions forwarded by Nicholson 
(1933). Generally, coccinellid predators occurred in higher numbers 
on cotton crop than did non-coccinellids. This may go with the overall 
dominance of coccinellids in the fields of Shambat area, at least, 
during this study period. Also records of non-coccinellids were made 
only for 3 groups (spiders, chrysopids and syrphids). 
In wheat field, H. variegata Goeze was also found to be the 
most prevalent followed by C. carnea (Steph.) and C. vicina Muls. in 
the 3rd place (C. vicina was 2nd most numerous after H.variegata  
among coccienllids group). Coccinella undecimpunctata was the least 
in wheat field for the two study seasons. These results disagree with 
Abdalla and Beije (1997) whose 1995/96 studies in central Gezira 
concluded that the most prevalent predators found in wheat field were 
(1) Chrysoperla sp., (2) syrphid larvae, (3) spiders, (4) true bugs 
(Campylomma sp), (5) nabid bugs and (6) coccinellids. They further 
concluded that syrphid larvae played the most important role in 
controlling wheat aphid outbreaks while green lacewings and spiders 
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prevented or slowed down aphid build-up and lady bird beetle was 
regarded as important only in certain border locations and arrived 
rather later and did not play a role in preventing aphid outbreaks. 
These findings, to a large extent, were in disagreement with the 
present study whereby Hippodamia variegata Goeze. was mostly 
responsible for control of Schizaphis graminum Rond. due to it’s very 
high numbers recorded in wheat field. However, there was some 
agreement in the two results as regard to peak time for predators 
(being between January and 3rd week of February). 
Generally, the number of predators in the first season was less 
compared to the numbers in the second season. This might have 
caused the rise in the total number of aphids in the first season 
compared to low aphid numbers in the second season. The clear low 
number of coccinellid pupae in the first season may be attributed to 
the effect of predation by birds which was more evident as observed in 
the field during the first season (devices for scaring birds were used in 
another near-by trial wheat field during the second season). Syrphid 
larva (Xauthogramma aegyptium Wied.) ranked as third important 
predator after H. variegate and C. vicina Muls. during the first season, 
whereas Chrysoperla was 2nd. most numerous after H. variegata  
during the second season. Spiders were negligible in numbers in 
wheat field for the two seasons. The alternating numbers of both 
syrphids and C. carnea (Steph.) during the two seasons may be due to 
some biotic factors including effect of their parasites. Temperature 
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conditions were favourable for aphids (S. graminum Rond.) during the 
two study seasons (mean temperature being 25.1±0.7 and 24.1±2.2 for 
the first and the second season respectively). Thus, the build-up of 
aphids population was associated with the cooler months of the year 
(December to March) with highest peaks (of aphids)falling in early to 
late January for the two seasons, and this period recorded the lowest 
mean temperatures (25.0°C and 22.7°C for the first and the second 
season respectively). There were differences in the incidence of aphids 
and predators among the 3 wheat varieties. Variety Debera generally 
harboured more aphids and predators than did Condor or Nelein. It 
was observed that Debera made a good plant cover (canopy) thus, 
provided better conditions for aphid and consequently, relatively more 
predators were found feeding on S. graminum on this crop variety. 
This was clearly observed in the field in the case of C. carnea (Steph.) 
Maximum eggs produced by coccinellids corresponded with the 
maximum number of aphids (week 4) in the second season, whereas in 
the first season, maximum eggs were produced in week 7 (not 
corresponding to maximum aphid numbers, but these aphid numbers 
were high enough to promote egg production). These results may 
conform with the fact that egg laying by some predatory coccinellids 
requires enough numbers of aphids to be consumed (Hagen, 1965). 
In berseem field, the high number of coccinellids as mentioned 
in the results made this group to be the most important. The resasons 
behind the importance of H. variegata Goeze in aphid control may be 
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due to: (1) the species is regarded as non-specific, therefore could 
extend it’s distribution to cover larger areas infested by different 
aphids, thereby enhancing it’s biotic potential, (2) the existence of H. 
variegata Goeze in two morphological forms (plate 7b) in addition to 
it’s high fecundity could increase it’s biotic potential as an important 
biocontrol agent in various field crops. 
The detection of such relatively high numbers of C. vicina 
Muls. in berseem field (though it prefers M. sacchari  (Zhnt.) on 
sorghum) indicates that this predator (C. vicina) is not specific in it’s 
feeding and has got a wider range of food. The less importance of 
syrphid larvae in the control of A. craccivora Koch. in berseem field 
agrees with the findings of Adam (1979) who  reported  that  syrphid 
larvae  played  a  postitive  role  in  the  initial  stages  of  outbreaks of  
A. craccivora Koch. but it’s efficiency later on was practically 
nullified, perhaps, due to competitive displacement by efficient 
coccinellids, in addition to the fact that this predator (syrphid larva) 
was reported as being heavily attacked by two parasites, Diplazon 
laetatorius F. and Pachyneuron sp. in Shambat (Bashir, 1968). The 
lacewing, C. carnea (Steph), on the other hand, was attacked by the 
parasite, Tetrastichus sp. (Bashir, 1968) which seemed to affect it’s 
role as a control agrent. 
The only aphid species found in berseem for the two study 
seasons was A. craccivora. The spotted alfalfa aphid, Therioaphis 
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trifolii maculata (Buckton) was accidentally encountered in berseem 
field through the two seasons. These results were in agreement with 
earlier studies by El-Abjar (1985) who indicated that the parasite, 
Trioxys complanatus Quilis seemed to satisfactorily control T. trifolii 
maculata (Buckton) in berseem field, hence resulted in disppearance 
of this aphid species in berseem. The importance of the parasite T. 
complanatus in effectively controlling T. trifolii maculata also comes 
from the fact that the emerging parasite female has a number of 
undeveloped eggs in it’s ovary and the oviduct. Thus it continues to 
lay eggs throughout it’s life span. Also, the synchronization of the life 
cycles is not important because the parasite and it’s host reproduce 
continuously most of the year producing overlapping generations 
(Force and Messenger, 1964 b). Trioxys complanatus is known to be 
specific to the genus Therioaphis (Schlinger and Hall, 1961). In the 
Sudan, there is no other aphid species reported under the genus 
Therioaphis except T. trifolii maculata. Hence, the parasite (T. 
complanatus) is specific to this aphid only. During the peak of A. 
craccivora Koch. no T. trifolii maculata was noticed in the field. The 
less number of C. vicina Muls. in berseem field as compared to the far 
greater numbers of H. variegata Goeze may be due to the fact that C. 
vicina most preferred food is M. sacchari Zhnt. on sorghum plants. 
Since sorghum was grown in the nearby fields during the two study 
seasons, it is likely that greater number of C. vicina attended to 
sorghum. However, C. vicina is not truely specific predator so, it can 
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be found on other crops feeding on other species of aphids. Generally, 
the number of predators were greater in the second season than the 
first one. This correspond to the overall less number of aphids in the 
second season. This difference may be attributed mainly to weather 
conditions than to any other factors. El-Fahal (1986) arrived at the 
same conclusion. He stated that fluctuations in predator and aphid 
numbers from season to season may be due to biotic factors and to a 
large extent to weather conditions. 
Observations made on some wild plants including Usher 
(Calotropis procera Ait.*) indicated that H. variegata Goeze fed and 
reproduced on Aphis nerii (Boy.)(Plate 14) on this plant which is 
considered to be toxic to many predators and usually avoided by them. 
However, earlier studies indicated that H. variegata was among the 
few predators that could feed on A. nerii, For example, Iperti (1966) 
indicated that A. nerii feeding on Nerium oleander L. was poisonous 
to most coccinellids except H. varieggata. 
Results of a 6-week field survey on two adjacent egg plant 
fields (one receiving chemical spray and the other receiving no spray) 
showed that the treated field recorded higher number of aphids (A. 
gossypii Glover) than the untreated one. This may indicate that the 
effect of predators was nullified by the action of chemical pesticides. 
The sequence of high and low population counts for both predators 
and aphids indicate that as predators increase in number, a drop in 
prey population follows due to predation. But if spraying is applied in 
*: Broun and Massey (1929).
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an inscientific way (as is the case with this farmer field) predators 
would be very much negatively affected and this may lead to 
secondary pest outbreaks or pest resurgence because the role of 
predators in controlling insect pests will be minimized. The number of 
predators increased in unsprayed eggplant field and syrphid larvae 
were the most dominant followed by C. vicina Muls. and H. variegata  
Goeze the least in the field. These observations of predators 
occurrence may be attributed to the effect of intercompetition. As for 
predators immature stages, the highest number of pupae were obtained 
in the unsprayed field. This is so, because the pupal stage is very 
sensitive to chemical application. Higher numbers of coccinellid eggs 
recorded in sprayed field indicate that eggs can withstand the effect of 
chemicals in the field conditions as opposed to the vulnerable pupal 
stage whose outer body surface could be easily penetrated by 
chemicals. 
Results of a 5-week survey in maize field at Shambat indicated 
that H. variegata was the dominant species. This may further stand as 
a proof that H. variegata is a highly polyphagous predator feeding on 
differeent species of aphids on various crops. 
5.2 Laboratory studies 
Mean duration for starvation to death of H. variegata was 17.4 
days (range between 7 and 25 days). Both mean and range suggest 
that this beetle has a good chance for surviving adverse conditions 
which adds to it’s role as a good biocontrol agent. 
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Cannibalization tests indicated that percent of eggs cannibalized 
by 4th. Istar larva and adult female of H. variegata Goeze was 93.6% 
and 94% respectively. These results show that the species can 
successfully survive adverse food conditions by shifting to it’s own 
eggs, thus avoiding extinction. This phenomenon (cannibalism) has 
been reported in earlier studies on coccinellid predators. It has been 
argued that it adds to the efficiency of predators in their habitat. 
Bashir (1968) showed that cannibalism occurred under scarcity of 
food or overcrowding. Takahashi (1987) studied cannibalism among 
the larvae of Coccinella septempunctata L. and concluded that when 
no aphids were provided, most of the eggs were eaten by larvae of all 
instars. Above percentages of cannibalism by larvae and females may 
not be considered as a better indication of voracity of these two stages. 
Female H. variegata was given the choice between A. 
craccivora Koch., A. gossypii Glover., S. graminum Rond. and M. 
sacchari Zhnt. Results obtained did not show any clear preference for 
any of the 4 species of aphids. However, the beetle killed slightly 
higher number of A. gossypii. These results agree with Belikova et al., 
(1985) who concluded that Adonia variegata (= H. variegata) 
prefered cotton aphid over A. craccivora  in a cotton- lucerne rotation 
in Ashkhabad and Maryisk regions of the Turkmen SSR, USSR. 
Hippodamia variegata in the present study killed higher number of A. 
craccivora in no-choice test (Table 25) indicating that the species was 
probably compelled to feed on this aphid as it was only the food 
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offered. That H. variegata Goeze fed more on A. gossypii  Glover than 
the other three aphid species in choice experiments seems to disagree 
with expectation that aphids feeding on graminaceous plants may be 
more acceptable to beetles than those aphids feeding on cotton plants 
(cotton contain a poisonous chemical substance known as gossypol). 
In experiments involving A. nerii (Boy.), A. gossypii and M. 
sacchari Zhnt. as food for H. variegata, the beetle was clearly found 
to less feed on A. nerii than the other two aphid species in both choice 
and no-choice tests. These results agree with Iperti (1960) who 
mentioned that A. nerii (Boy.) feeding on Nerium oleander L. was 
poisonous to most coccinellids except Adonia variegata (=H. 
variegata). Feeding of the beetle on A. nerii may be random in this 
case as the coccinellid is bound to come into contact with this 
unpalatable aphid in the mixture. The beetle would have only learned 
and differentiated between aphid species after eating the first few 
aphids from each species of prey. The rejection of A. nerii can also be 
possible through it's high colouration and/or bad odour. This passive 
response has also been found by El-Fahal (1986) when studied the 
preference of Scymnus levailanti L. 
The beetle (H. variegata) killed more M. sacchari than A. 
craccivora Koch. in both choice and no-choice tests. These results 
may be comparable with similar results obtained by Ibrahim (1988) 
who also concluded that C. vicina Muls.  ate  more  M. sacchari than 
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A. craccivora Koch. in choice tests. However, the predatory species 
used in the two studies were different and the reasons for differential 
choice may be due to other factors e.g. crop variety. 
In another preference test, H. variegata Goeze ate more S. 
graminum Rond. than Aphis craccivora in both choice and no-choice 
experiments. This may, again, be due to crop variety.  
In a feeding efficiency involving M. sacchari Zhnt. and A. 
gossypii Glover., food units of aphids consumed by adult H. variegata 
were compared. There were no significant differences in the units 
eaten of the two aphid species, though the beetle ate slightly more 
units of M. sacchari than A. gossypii. This finding seems to be 
acceptable as predators may be expected to prefer feeding on aphids 
on plants belonging to family Graminae than those aphids on cotton. 
The effectiveness of a predatory beetle in aphid control can be 
enhanced by it's ability to attack all stages, and also by partial 
consumption of captured preys which in turn increases mortality of it's 
prey. This would mean a higher numerical response although in reality 
the total number of aphid consumed is low if judged by the food unit 
up-take. Generally, the number of aphids consumed varies with the 
aphid species, it's stage and density and hunger level of the predator. 
Rates of aphids consumed by both 4th instar larvae and female 
H. variegata were compared. There was no significant difference in 
the number of aphids killed by the two beetle stages. However, 4th. 
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instar larva killed slightly more aphids than did adult female. These 
results agree with the views that coccinellid larvae are more voracious 
than their adults. However, the results disagree with Ofuya (1986) 
who found that 4th. instar larva and adult female of C. vicina Muls. 
consumed 53.8 ±5.4 and 63.7 ± 4.1 whole A. craccivora Koch. 
respectively. It is probable that these variations are due to difference 
in the species used in the two studies or may be to some other factors. 
When female H. variegata Goeze was fed on A. craccivora, A. 
gossypii Glover, S. graminum Rond. and M. sacchari Zhnt., no single 
aphid species was found to significantly improve fecundity of the 
beetle, though slightly more eggs were produced when the beetles fed 
on M. sacchari followed by S. graminum A. craccivora and A. 
gossypii the least. 
This finding was in agreement with Ibrahim (1988) who 
showed that M. sacchari was the most suitable food for egg 
production followed by A. craccivora, A. gossypii and A. nerii (Boy.) 
the least. 
Egg laying for the beetle (H. variegata) continued through life 
and fecundity and longevity were higher in the first generation than in 
the second one. These findings are in agreement with previous works. 
Fore example. Sharaf El-Din (1963) reported that fecundity was 
affected by pray density in H. variegata up to 30 aphids after which 
any increase in aphids had no effect on number of eggs laid. This is 
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because, at high prey density, the predator may spend more time in 
host selection (Hagen, 1965). 
No single aphid species (of the four species mentioned earlier) 
had clear influence on duration of development of the beetle. But 
mortality was different with the different aphid species, being 20% 
when the larvae were fed on A. gossypii Glover and 10% when fed on 
both A. craccivora Koch. and M. sacchari Zhnt., while it was 0.0% 
when the beetle fed on S. graminum Rond.. These results agree with 
Ibrahim (1988) who showed that larvae fed on Rhopalosiphun maidis 
(Fitch.) and M. sacchari developed rapidly well without showing any 
mortality and completed their life cycles in an optimal time. Those 
reared on A. craccivora developed with a slight increase in the 
mortality rate (5.88%), whereas those reared on A. gossypii had a 
longer period of development with mortality reaching 20%, but those 
larvae reared on A. nerii (Boy.) showed the longest developmental 
period and the highest mortality rate (75%). It follows from these 
results that not all accepted food must necessarily be essential and 
equally enabling optimum development of larvae and ripening of 
ovaries. Hodek (1966) added that alternative food is often accepted 
which does not permit development but serves only as a source of 
energy. He further stated that the causes of the unsuitability may be 
due to substances contained in aphids (usually derived from plant 
poisons) or that the aphids are deficient in the essential nutritive 
elements. 
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For the assessment of the biotic potentialities of H. variegate 
Goeze, the life table data of the two generations reared under 
laboratory conditions were compiled as in Appendix Table 8 and 9. 
The computations of these data were made as summarized in Table 
(35). Survival rates of the two generations indicated that egg 
hatchability was generally high for the species and that it was higher 
in the first generation than in the second one. The variation between 
the population growth of the two generations was insignificant 
although there was a slight increase in the innate capacity for increase 
(intrinsic rate of increase)(rm) in the second generation (rm being 
0.136 and 0.137 for the first and the second generation respectively) 
(Table 35). These rates correspond with 14.6 and 14.5 days as period 
from egg to adult emergence for the first and the second generation 
respectively. These results agree with Ibrahim (1988) who explained 
that the short developmental period of the species is compensated by 
high (rm) value, i.e. if the period of development is longer, the (rm) of 
that species would be low, but if the growth period is shorter, (rm) 
would be greater. In this study, when the developmental period was 
14.6 days, (rm) was 0.136, but when the period was 14.5 days (rm) 
was 0.147. Generally, (rm) is the statistic meant to indicate the biotic 
potentiality of the species. For example, Leslie and Park (1949) in 
their work on the flour beetle, Tribolium castaneum (Herbst), 
commented that the (rm) value summarizes in one figure such 
population attributes as fertility and fecundity. Messenger (1964) in 
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his studies of three parasites of the aphid, Therioaphis maculata 
(Buckton) used the intrinsic rate of natural increase (innate capacity 
for increase) as a bioclimatic index to examine the population growth 
of this aphid and it’s parasites under different temperatures. Bashir 
(1973)(cited by Adam, 1979) in his work on the predatory coccinellid, 
Olla abdominalis (Say) used the (rm) values as a dietetic index to 
evaluate the suitability of different types of diets for rearing this 
species. In this study, the calculated (rm) values would reflect the 
productivity of this predator (H. variegata Goeze). The (rm) values 
obtained under laboratory conditions cannot be expected to be the 
same to those under natural conditions. The laboratory conditions 
exclude many natural influences such as food variety, quantity, quality 
and seasonal physical environmental conditions and seasonal 
fluctuations, competitors and natural enemies. 
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Appendix Table (1). Weekly mean count of aphids, Aphis gossypii Glover 
in egg plant field (treated and not treated) 
 
Number of Aphis gossypii 
Week no. 
Untreated  Treated  
Oct.    1 
           2 
           3 
Nov.   4 
           5 
           6 
39.1 
47.6 
27.9 
28.4 
12.9 
38.5 
13.8 
70.7 
37.1 
41.9 
63.5 
72.1 
Total 194.4 299.1 
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Appendix Table (2): Weekly counts of predators in eggplant field (treated 
and untreated) 
Cydonia vicina Scymnus sp. 
Hipppdamia 
variegata 
Xanthogramma 
aegyptium 
Wee
k 
No. 
Untreate
d 
Treate
d 
Untreate
d 
Treate
d 
Untreate
d 
Treate
d 
Untreate
d 
Treate
d 
Oct. 
1 
2 
3 
Nov. 
4 
5 
6 
0 
0 
3 
8 
2 
    0 
1 
3 
0 
0 
0 
1 
0 
3 
1 
3 
6 
5 
2 
2 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
8 
10 
3 
0 
0 
4 
7 
5 
5 
1 
1 
1 
 13 5 18 7 0 1 25 20 
 
 
 
 192
 
 
 
 
 
 
 
 
Appendix Table (3): Weekly counts of coccinellid eggs in eggplant field 
(treated and untreated) 
 
Number of  coccinellid eggs 
Week no. 
Untreated Treated 
Oct.  1 
        2 
        3 
Nov. 4 
        5 
        6 
0 
35 
7 
0 
15 
13 
0 
44 
8 
10 
8 
29 
Total 70 99 
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Appendix Table (4): Weekly counts of coccinellid larvae and pupae in 
eggplant field (treated and untreated) 
 
No. of coccinellid larvae No. of coccinellid pupae 
Week no. 
Untreated  Treated Untreated Treated 
Oct.  1 
        2 
        3 
Nov. 4 
        5 
        6 
6 
4 
5 
7 
4 
1 
3 
1 
16 
7 
4 
1 
0 
0 
1 
3 
0 
2 
0 
0 
1 
0 
1 
0 
Total 27 32 6 2 
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Appendix Table (5): Weekly counts of predators in a maize field 
 
 
Week 
no. 
Cydonia 
vicina 
Hippodamia 
variegata 
Coccinella 
undecimunctata
Scymnus 
sp. 
Chrysoperla 
carnea 
Jan.   
1 
        2 
Feb.  
3 
        4 
        5 
8.0 
6.0 
1.0 
2.0 
0.0 
36.0 
23.0 
13.0 
36.0 
26.0 
1.0 
0.0 
0.0 
3.0 
0.0 
2.0 
0.0 
0.0 
0.0 
0.0 
1.0 
0.0 
0.0 
1.0 
0.0 
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Appendix Table (6) Fecundity of two generations of Hippodamia variegata 
Goeze reared on Melanaphis sacchari (Zhnt.) under 
laboratory conditions 
 
Mean number of eggs per female in 5 days 
Generation 1 Generation2 
Time in days 
43.2 
252.4 
343.4 
254.8 
189.0 
164.2 
113.0 
29.2 
45.4 
26.4 
7.2 
5.6 
3.0 
38.0 
225.4 
336.6 
297.4 
200.6 
111.2 
61.4 
19.4 
7.2 
4.4 
5.4 
2.3 
0.0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
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Appendix Table (7). Survivorship curve for two generations of Hippodamia 
variegata Goeze reared on Melanaphis sacchari 
(Zhnt.) under laboratory conditions 
 
Survival rate as a ratio out one Stage of the beetle 
Generation1 Generation2 
Time in days 
Egg 
Larvae and pupae 
Adult 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
0.85 
0.55 
0.26 
0.26 
0.26 
0.26 
0.23 
0.19 
0.17 
0.16 
0.15 
0.13 
0.12 
0.05 
0.03 
0.83 
0.49 
0.23 
0.23 
0.23 
0.21 
0.19 
0.17 
0.13 
0.08 
0.05 
0.05 
0.04 
0.02 
0.00 
0 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
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Appendix Table (8): Life table Data for the first generation of Hippodamia 
vareigata Goeze reared on Melanaphis sacchari 
(Zhnt.) under laboratory conditions  
Pivotal 
age x 
No. of 
leaving 
females 
Total 
eggs 
laid 
Mean 
eggs 
F. 
eggs/F 
Mx 
Survival 
rate 
Lx 
Lx 
Mx 
XLx 
Mx 
14.6 10 0.00 0.00 0.00 0.26 0.00 0.00 
15.6 10 0.00 0.00 0.00 0.26 0.00 0.00 
16.6 10 0.00 0.00 0.00 0.26 0.00 0.00 
17.6 10 63 6.3 3.15 0.26 0.82 14.40 
18.6 10 153 15.3 7.65 0.26 1.99 36.99 
19.6 10 196 19.6 9.80 0.26 2.55 49.94 
20.6 10 234 23.4 11.70 0.26 3.04 62.67 
21.6 10 226 22.6 11.30 0.26 2.94 36.46 
22.6 10 280 28.0 14.00 0.26 3.64 82.26 
23.6 10 326 32.6 16.30 0.26 4.24 100.02 
24.6 10 394 39.4 19.70 0.26 5.12 126.00 
25.6 10 341 34.1 17.05 0.26 4.43 113.48 
26.6 10 379 37.9 18.95 0.26 4.93 131.06 
27.6 10 310 31.0 15.50 0.26 4.03 111.23 
28.6 10 293 29.3 14.65 0.26 3.81 108.94 
29.6 10 252 25.2 12.60 0.26 3.28 96.97 
30.6 10 302 30.2 15.10 0.26 3.93 120.14 
31.6 10 241 24.1 12.05 0.26 3.13 99.00 
32.6 10 212 21.2 10.60 0.26 2.76 89.85 
33.6 10 267 26.7 13.35 0.26 3.47 116.63 
34.6 10 191 19.1 9.55 0.26 2.48 85.91 
35.6 9 179 19.89 9.95 0.234 2.33 82.89 
36.6 9 173 19.22 9.61 0.234 2.25 82.30 
37.6 8 231 28.88 14.44 0.208 3.00 112.93 
38.6 8 171 21.38 10.69 0.208 2.22 85.83 
39.6 8 210 29.25 13.13 0.208 2.73 108.15 
40.6 7 158 22.57 11.29 0.182 2.05 83.42 
41.6 7 160 22.86 11.43 0.182 2.08 86.54 
42.6 7 150 21.43 10.72 0.182 1.95 83.11 
43.6 7 143 20.43 10.22 0.182 1.86 81.11 
44.6 7 126 18.00 9.00 0.182 1.64 73.05 
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Appendix Table 8. cont.  
Pivotal 
age x 
No. of 
leaving 
females 
Total 
eggs 
laid 
Mean 
eggs 
F. 
eggs/F 
Mx 
Survival 
rate 
Lx 
Lx 
Mx 
XLx 
Mx 
45.6 7 132 18.86 9.43 0.182 1.72 78.26 
46.6 7 112 16.00 8.00 0.182 1.06 67.85 
47.6 6 93 15.50 7.75 0.156 1.21 57.55 
48.6 6 102 17.00 8.50 0.156 1.33 64.44 
49.6 6 87 14.5 7.25 0.156 1.13 56.11 
50.6 6 38 6.33 3.17 0.156 0.49 25.02 
51.6 6 45 7.50 3.75 0.156 0.59 30.19 
52.6 6 77 12.83 6.42 0.156 1.00 52.68 
53.6 6 49 8.17 4.09 0.156 0.64 34.21 
54.6 6 94 15.67 7.84 0.156 1.22 66.78 
55.6 6 39 6.50 3.25 0.156 0.51 28.19 
56.6 6 41 6.83 3.42 0.156 0.53 30.21 
57.6 6 26 4.33 2.17 0.156 0.34 19.51 
58.6 5 27 5.4 2.70 0.130 0.35 20.75 
59.6 5 22 4.4 2.20 0.130 0.29 17.05 
60.6 5 64 12.8 6.40 0.130 0.83 50.42 
61.6 5 18 3.6 1.80 0.130 0.23 14.41 
62.6 5 16 3.2 1.60 0.130 0.21 13.02 
63.6 5 12 2.4 1.20 0.130 0.16 9.92 
64.6 5 10 2.0 1.00 0.130 0.13 8.41 
65.6 5 7 1.4 0.70 0.130 0.10 5.97 
66.6 5 0 0.0 0.00 0.130 0.00 0.00 
67.6 5 6 1.2 0.60 0.130 0.08 5.27 
68.6 3 13 4.33 2.17 0.078 0.17 11.61 
69.6 3 5 1.67 0.84 0.078 0.07 4.56 
70.6 2 3 1.50 0.75 0.052 0.04 2.75 
71.6 2 4 2.00 1.00 0.052 0.05 3.72 
72.6 1 9 9.00 4.50 0.026 0.12 8.49 
73.6 1 7 7.00 3.50 0.026 0.09 6.71 
74.6 1 0 0.00 0.00 0.026 0.00 0.00 
75.6 1 8 8.00 4.00 0.026 0.10 7.86 
76.6 1 3 3.00 1.50 0.026 0.04 2.99 
77.6 1 0 0.00 0.00 0.026 0.00 0.00 
78. 1 4 4.00 2.00 0.026 0.05 4.09 
Total  7534    R0=97.89 3297.1 
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Appendix Table 9: Life table Data for the second generation of Hippodamia 
vareigata Goeze reared on Melanaphis sacchari (Zhnt.) 
under laboratory conditions  
Pivotal 
age x 
No. of 
leaving 
females 
Total 
eggs 
laid 
Mean 
eggs 
F. 
eggs/F 
Mx 
Survival 
rate 
Lx 
Lx 
Mx 
XLx 
Mx 
14.5 10 0.00 0.00 0.00 0.23 0.00 0.00 
15.5 10 0.00 0.00 0.00 0.23 0.00 0.00 
16.5 10 0.00 0.00 0.00 0.23 0.00 0.00 
17.5 10 56 5.6 2.80 0.23 0.64 11.27 
18.5 10 134 13.4 6.70 0.23 1.54 28.51 
19.5 10 167 16.7 8.35 0.23 1.92 37.45 
20.5 10 195 19.5 9.75 0.23 2.24 45.97 
21.5 10 208 20.8 10.40 0.23 2.39 51.43 
22.5 10 264 26.4 13.20 0.23 3.04 68.31 
23.5 10 293 29.3 14.65 0.23 3.37 79.18 
24.5 10 350 35.0 17.50 0.23 4.03 98.61 
25.5 10 382 38.2 19.10 0.23 4.39 112.02 
26.5 10 346 34.6 17.30 0.23 3.98 105.44 
27.5 10 308 30.8 15.40 0.23 3.54 97.41 
28.5 9 297 33.00 16.50 0.207 3.42 97.34 
29.5 9 327 36.33 18.17 0.207 3.76 110.96 
30.5 9 304 33.78 16.89 0.207 3.51 106.64 
31.5 9 286 31.78 15.89 0.207 3.29 103.61 
32.5 9 292 32.44 16.22 0.207 3.36 109.12 
33.5 9 278 30.89 15.45 0.207 3.21 107.14 
34.5 9 269 29.89 14.95 0.207 3.09 106.77 
35.5 9 214 23.78 11.89 0.207 2.46 87.37 
36.5 8 195 24.38 12.19 0.184 2.24 81.87 
37.5 8 173 21.63 10.82 0.184 1.99 74.66 
38.5 8 152 19.00 9.50 0.184 1.75 67.31 
39.5 8 147 18.38 9.19 0.184 1.69 66.79 
40.5 8 112 14.00 7.00 0.184 1.29 52.16 
41.5 7 98 14.00 7.00 0.161 1.23 46.77 
42.5 7 102 14.57 7.29 0.161 1.17 49.88 
43.5 7 97 13.86 6.93 0.161 1.12 48.53 
44.5 7 70 10.00 5.00 0.161 0.81 35.82 
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Appendix Table 9. cont.  
 
Pivotal 
age x 
No. of 
leaving 
females 
Total 
eggs 
laid 
Mean 
eggs 
F. 
eggs/F 
Mx 
Survival 
rate 
Lx 
Lx 
Mx 
XLx 
Mx 
45.5 7 85 12.14 6.07 0.161 0.98 44.47 
46.5 5 65 13.00 6.50 0.115 0.75 34.76 
47.5 5 39 7.80 3.90 0.115 0.45 21.30 
48.5 5 48 9.60 4.80 0.115 0.55 26.77 
49.5 5 33 6.60 3.30 0.115 0.38 18.79 
50.5 3 29 9.76 4.84 0.069 0.33 16.86 
51.5 3 15 5.00 2.50 0.069 0.17 8.88 
52.5 3 13 4.33 2.17 0.069 0.15 7.86 
53.5 3 7 2.33 1.17 0.069 0.08 4.32 
54.5 3 8 2.67 1.34 0.069 0.09 5.04 
55.5 2 9 4.50 2.25 0.046 0.10 5.74 
56.5 2 4 2.00 1.00 0.046 0.05 2.61 
57.5 2 7 3.50 1.75 0.046 0.08 4.63 
58.5 2 8 4.00 2.00 0.046 0.09 5.38 
59.5 2 0 0.00 0.00 0.046 0.00 0.00 
60.5 2 6 3.00 1.50 0.046 0.07 4.17 
61.5 2 7 3.50 1.75 0.046 0.08 4.95 
62.5 2 0 0.00 0.00 0.046 0.00 0.00 
63.5 2 9 4.50 2.25 0.046 0.10 6.57 
64.5 2 10 5.00 2.50 0.046 0.12 7.42 
65.5 1 7 7.00 3.50 0.023 0.08 5.27 
66.5 1 5 5.00 2.50 0.023 0.06 3.82 
67.5 1 0 0.00 0.00 0.023 0.00 0.00 
68.5 1 5 5.00 2.50 0.023 0.06 3.94 
69.5 1 4 4.00 2.00 0.023 0.05 3.21 
70.5 1 0 0.00 0.00 0.023 0.00 0.00 
71.5 1 3 3.00 1.50 0.023 0.03 2.47 
Total  6542    n0=75.37 2377.57
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Appendix Table 10: Mean monthly Temperature (ºc), Relative humidity 
(%) and total rain fall (mm) at Shambat from June 
1999 to March 2002 
Month/ Year Mean Temp. (º C) 
Relative (RH) 
Humidity (%) 
Total rain fall 
(mm) 
June 1999 39.5 33.8 2.6 
July  31.4 44.0 42.2 
August  30.3 51.0 51.3 
September  31.4 44.0 20.8 
October  31.5 36.0 4.2 
November  28.3 25.0 - 
December  25.0 30.0 - 
January   2000 25.0 30.0 - 
February  24.1 30.0 - 
March  26.2 25.0 - 
April  31.5 22.0 - 
June  35.7 26.0 - 
July  32.6 36.0 2.5 
August  32.5 39.0 2.0 
September  31.7 39.0 16.3 
October  30.2 30.0 24.1 
November  26.7 27.0 - 
December  22.5 29.0 - 
January   2001 22.7 26.0 - 
February  23.3 23.0 - 
March  27.8 16.0 - 
April  31.9 14.0 - 
July  31.7 40.0 47.2 
August  30.4 55.0 70.0 
September  32.6 43.0 6.1 
October  32.2 29.0 5.1 
November  28.4 29.0 - 
December  24.6 29.0 - 
January   2002 20.1 26.8 - 
February  25.2 25.7 - 
March  27.0 19.0 - 
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Fig. 28. Weekly counts of coccinellid eggs in Berseem field for the first study season 
(1999/2000) and the second study season (2000/2001)
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Fig. 23  Weekly counts of aphids (Aphis craccivora Koch.) in Berseem field during the first se
(1999/2000) and the second season (2000/2001)
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Fig. 24  Weekly counts of Cydonia vicina (Muls.) in Berseem field during the first season (1999/2000) and t
season (2000/2001)
* m2  = Plant area
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Fig. 25 Weekly counts of Hippodamia variegata Goeze in Berseem field during the first season 
(1999/2000) and the second season (2000/2001)
* m2 = Plant area
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Fig.  26  Weekly counts of coccinellid larvae in Berseem field during 
first season 
(1999/2000) and the second season (2000/2001)
* m2 = Plant area
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Fig.  27  Weekly counts of Chrysopa carnea (Steph.) in Berseem field during the first season (1999/2
and the second season (2000/2001)
* m2 = Plant area
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 Fig. 32. Weekly counts of coccinellid (a) Larvae and (b) pupae   
  in egg plant field (treated and untreated)    
         
 
          
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
 213
         
         
         
         
         
         
         
 
          
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
Fig. 5. Weekly counts of Cydonia vicina  Muls. adults in sorghum field during the first study 
season (1999) and the second study season (2000)
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Fig. 7  Weekly counts of Cheilocorus nigritus (Fab.) in sorghum field during the first study 
season (1999) and the second study season (2000)
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Fig. 8  Weekly counts of Chrysoperla carnea  (Steph) in sorghum field during the first study seaso
and the second study season (2000)
0
1
2
3
4
5
6
7
8
W1(Sept. Aug.) W2 W3(Sept.) W4 W5 W6(Oct.) W7
Weeks
N
um
be
r o
f i
ns
ec
ts
60
 s
or
gh
um
 p
la
nt
s
First season Second season
 217
 
0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4
W1(Aug.) W2(Sept.) W3 W4 W5 W6(Oct .) W7 W8 W9
Weeks
M
ea
n 
nu
m
be
r o
f a
ll 
pr
ed
at
or
s
Acala 67 Barakat 90
Fig. 10  Weekly counts of all predators in cotton field during the seco
season (2000) for the varieties Acala 67 and Barakat 90
 
